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Profits for dairies... 
in 


HANDI-SQUARES! 


SAVE SPACE, TIME, MONEY! 


Where you had 2 cases of stand- 
ard rounds, now put 3 cases of 
Handi-Squares! More efficient 
use of plant and truck capacity. 
Handi-Squares’ economy con- 
tinues year after year, quickly 
absorbs change-over cost. 


RETAILERS LIKE "EM... STOCK "EM! 


Retailers can store up to 50% 
more milk in refrigerators 
... make more sales, profits 
. . . without more storage 

pace. Milk in returnable 
glass bottles increases traffic, 
brings other sales. 


CONSUMERS LIKE "EM... BUY "EM! 
Housewives prefer milk in a % iy 
glass container. They trust its \ 
protection of milk’s delicate fla- 
vor. And they vote 9-to-1 for 
Squares over any other style of 
glass container. 


USE this space 
for your dairy's name 
trade mark or sales 


Las HANDI-SQUARE BOTTLES 


The trusted protection, unequaled economy of the returnable bottle . . . with 
new conveniences for the consumer, greater operating efficiency for dairies. 
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Heavy cleaning problems on your hands? 
Let these specialized Wyandotte Compounds 
help you carry the load: _ 

In the bottle-washing department, Wyan- 
dotte Alkali Special does a thorough cleaning 
job if you wash by machine. Designed for use 
in soft or medium-hard water, it removes all 
foreign matter, then rinses easily. Wyandotte 
Seneca Flakes*, S.1. Flakes*, Chippewa 
Flakes* and 721 Special* are for water of 
different kinds and degrees of hardness. 

Wyandotte B.W.C., the improved Bottle 
Water Conditioner, increases bottle-washing 
mileage in hard-water areas. It cuts down 


“carry-over” in alkali and rinse compartments 
"Registered trade-mark 


WYANDOTTE CHEMICALS CORPORATION 


and thereby helps reduce bottle-washing costs. 
No dairy plant should be without Wyan- 
dotte Steri-Chlor*, the tested chlorine germi- 
cide and deodorant. Made for use after the 
washing operation, it furnishes bottles and 
equipment with a high degree of sanitation. 
Wyandotte S.R.-10* controls milkstone in 
milk cans, heat exchangers and other equip- 
ment. It is fast-acting, safe and odorless.° 
Your Wyandotte Representative will be glad 
to help you select the Wyandotte Products you 
need in your plant. He’s always at your service. 


Myandotte 


WYANDOTTE, MICHIGAN e SERVICE REPRESENTATIVES IN 88 CITIES 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Cups 


SURGE ...and only the SURGE 
is sold with the Surge ‘‘Packing 
Slip’’ GUARANTEE of SERVICE 


In 1947...many thousands of dairymen 
switched to Surge. . . for 


a. FAST, THOROUGH MILKING 
b. CLEAN MILK...and... 
c. SAFE MILKING... 


All three are essential to profitable dairy 
management and Quality production. 


You get all three with good Surge milking. 
SURGE milking protects the dairyman’s 
investment and promotes greater profit. 


BABSON BROS. CO, 2503 w. se, chicago, 


Copyright 1948 by Babson Bros. Co. 


SYRACUSE * MINNEAPOLIS « KANSAS CITY * SEATTLE» LOS ANGELES * HOUSTON * ATLANTA » TORONTO 
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Laboratory tests of samples were recently 
taken from each box of a 29-box churning 
made in a churn without Criss-Cross working 
action. Results showed that it was necessary 
to maintain an average fat content of 80.7% 
in order to prevent some of the samples 
from testing below the minimum Federal 
Standard of fat. 


With the VANE CHURN, because of its 
Criss-Cross working action, an average of 
80.3 % is sufficient to safeguard any samples 


from dropping below 80% fat. 
That difference of .4% fat amounts to 6.3 
Ibs. of butter on every 1000 Ibs. churned. 
With butter at 80¢ per lb. this is $5.04 
per 1000 Ibs. or a total yearly saving of 
$5004.00 to the creamery witha 1,000,000 
lb. annual volume. 


“Vane Churns don’t cost — they pay !” 

Your creamery cannot afford to use any 
churn less efficient than the internationally 
acclaimed VANE CHURN with its exclu- 
sive Criss-Cross working of the butter mass. 


“REMEMBER ...VANE CHURNS DON’T COST—THEY PAY!” 
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Retempered, retested—ready for precise dairy tests 


Kimble Dairy Glassware 


matches the quality standards of a great industry 


e Outstanding quality and “as- 
sured accuracy” have established 
Kimble Glassware as the recog- 
nized standard of the dairy in- 
dustry — for test, analysis and 
control. 

Kimble Dairy Glassware meets 
all Federal and State require- 
ments... passes the most rigid tests 


KIMBLE GLASS ro tepo 1, on10 


Division of Owens-Illinois Glass Company 


for accuracy and serviceability. 


Every piece of Kimble tubing 
is produced to close tolerances 
on precision automatic machines. 
Every finished Kimble piece is 
retempered to give it extra tough- 
ness. Calibrated ware is marked 
with fused-in glass...then retested 
before shipment. 


The Kimble Manual on Dairy 
Testing, 3rd Edition, is still avail- 
able. It is an authoritative digest 
of the latest dairy test practice. 
We'll be glad to send you a copy. 

Kimble Dairy Glassware is dis- 
tributed by leading dairy supply 
houses throughout the United 
States and Canada. 


Look for the Kimble “K", the visible guarantee of invisible quality 


Your advertisement is being read in every State and in 25 Foreign Countries 
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stainless steel 

valves, fittings and 

tubing by 
CHERRY-BURRELL 


Here is a complete line of sanitary stainless 
steel fittings and valves— made by men 
who long have been experts at prescribing 
and building equipment to meet the sanita- 
tion demands of milk and food plant 
operators and health officials. Cherry- 
Burrell stainless steel fittings and valves 
are flavor-free under practically all con- 
ditions, hard and non-corrosive, absolutely 
stainless under most food acid conditions 
—and extra long-lived even in the face 
of abrasion and wear. Even the valve plugs 


Mere’s your refer- 
ence book. Here is a 
complete catalog including 
dimensions and other data 
on the whole line of Cherry- 
Burrell valves, fittings and 
tubing. A valuable refer- 
ence for every plant oper- 
ator. Ask your Cherry- 
Burrell man for Bulletin 
G-443 or write to the ad- 
dress below. 


for 


sanitation 


few of dozens 
of units carried in stock”? 


are made of 18-8 stainless steel. Meet lat- 
est 3-A Standards. 

Cherry-Burrell stainless tubing is _pol- 
ished to a mirror-finish inside and out. 
Welds are strong enough to withstand the 
most severe processing operations. 
The finish is fully protected in shipment 
and storage by a heavy straw board cover. 
Get in the habit of making your Cherry- 
Burrell Branch or Associate Distributor 
your source for all of your stainless steel 
accessories requirements. Delivery is prompt 
— most items are carried in stock. 


CHERRY-BURRELL CORPORATION 
General Soles and Executive Office: 

427 W. Randolph Street, Chicago 6, Ill. 


BRANCHES, OFFICES OR DISTRIBUTORS 
ar vou your Service ‘cites 


Your advertisement is being read in every State and in 25 Foreign Countries 
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They go together like LOCK and KEY 


Because Michael’s Mixevan blends smoothly with the 
clean dairy flavor of cream, milk-solids, and sugar, 

it fits neatly with the public’s primary reason for making 
vanilla ice-cream such an overwhelming favorite. 

Delicate, delicious, never domineering, yet it has a 
distinctive character of its own due to the skilful processing 
of vanilla and vanillin. Mixevan is a powder with a sugar 
carrier. It gives you Controlled Flavor in your vanilla mix 
... AND the key to increased brand-preference. 


MIXEVAN 


“America’s Flavorite 


ee d vanilla products 


and other powdere 


DAVID MICHAEL & CO. 

ury in the flavoring 
st 24, Pa. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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A smart way to keep foods fresh 
| is to wrap them in Patapar* Vegetable 
Parchment. 

Patapar has high wet-strength. It 
resists grease. It is odorless, tasteless, 
pure of texture. 

Patapar wrappers are furnished 
plain or printed with brand names 
and colorful designs. 


*Reg. U.S. Pat. Off. 


Wrapped tn Patapar 
foods keep fresher 


Paterson Parchment Paper Company ° Bristol, Pennsylvania 
Headquarters for Vegetable Parchment Since 1885 

WEST COAST PLANT: 340 BRYANT STREET, SAN FRANCISCO 7, CALIFORNIA 

BRANCH OFFICES: 120 BROADWAY, NEW YORK 5, N. Y. « 111 WEST WASHINGTON ST., CHICAGO 2, ILL. 


Your advertisement is being read in every State and in 25 Foreign Countries 


Protected 
P 
atapar 
Vegetable 
Parchment 
The Patapar Keymark 
nationally advertised 
symbol of 
wrapper protection. 
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® Only De Laval Can Give You the Magnetic Milker 
@ Only the Magnetic Milker Can Give You Uniform 


Milking 
@ Only Uniform Milking Can Give You Highest Milk 
Production 


“Now’s the time for YOU to change to THE NEW DE LAVAL” 


The De Laval Separator Company, Dept. 21-G 
165 Broadway, New York 6, N. Y. 

Please send me printed matter on: 
De Laval Milkers De Laval Water Heaters 
(0 De Laval Separators 0 De Laval Milking Truck 
(CD De Laval Freezers 0 De Laval Can Hoist 


Town RFD State 


Your advertisement is being read: in every State and in 25 Foreign Countries 
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SILKEN LADY’S RUBY OF PF, 919141 


In this space a year ago, under the heading ‘‘Like Begets Like,’’ we an- 
nounced ‘‘Ruby’’ as the U. S. Lifetime Butterfat Champion over all breeds, 
with 8,550 lbs. butterfat, and her son Silken Ruby’s Lad as the Highest 
Tested Sire of the breed with a 305 2X M. E. average of 698 lbs. butterfat 
on his 10 tested daughters. 

Silken Lady’s Ruby of F. has since become the official World Champion 
Lifetime Butterfat Producer over all breeds, with 9,165 lbs. butterfat to 
December 31, 1947. She is still on test in her 18th year. 

Silken Ruby’s Lad, temporarily eclipsed by another sire, is again the Highest 
Tested Sire of the breed. Unfortunately he died after leaving but 12 
registered daughters. Ten of these have been officially tested year after 
year, and they now have a 305 2X M. E. average of 13,172 lbs. milk, 5.65%, 
744 lbs. butterfat. The other two daughters spent their lives in non-testing 
herds. 


Truly an outstanding example of concentrated inheritance for high pro- 
duction. 


COLUMBUS 15, OHIO 


Your advertisement is being read in every State and in 25 Foreign Countries 
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A COMPARATIVE STUDY OF THE BIOCHEMICAL ACTIVITY 
OF STREPTOCOCCUS LACTIS, STREPTOCOCCUS CITROVORUS, 
AND STREPTOCOCCUS PARACITROVORUS WHEN GROWN 

IN COW’S MILK AND SOYBEAN MILK 


CHARLES W. GEHRKE* anp HARRY H. WEISER 
Department of Bacteriology, The Ohio State University, Columbus 


The importance of acetylmethylearbinol and diacetyl from the stand- 
point of imparting a desirable flavor and aroma to butter and other 
food products is widely known. The value of selected cultures of bacteria 
for the development of these compounds has been well established through 
comparative studies on butter made with and without the use of butter 
cultures. Hammer and Babel (6) state in their review of butter cultures 
that previous to 1919 it was commonly believed that butter cultures were 
pure cultures of lactic acid streptococci, although there had been various 
suggestions that the desirable flavor of butter made from ripened cream 
was not produced by the lactic acid bacteria growing in the cream. In 
that year three laboratories established the basis for an understanding of 
the bacteriology of butter cultures by reporting almost simultaneously that 
such cultures normally include two distinct types of bacteria. Boekhout 
and Ott de Vries (1) isolated from sour milk and cream an organism which 
produced the characteristic and desirable butter culture aroma when 
grown with an organism of the Streptococcus lactis type; Hammer and 
Bailey (7) found that butter cultures contained organisms, associated with 
S. lactis, which commonly did not curdle milk but which in combination 
with S. lactis gave high volatile acidities; and Storch (14) considered two 
types of organisms necessary in butter cultures, a lactic acid type and a 
flavor type. The latter did not coagulate milk or form much acid but 
produced more volatile acid than the former. The two distinct types of 
organisms present in the butter cultures commonly used are S. lactis or 
Streptococcus cremoris, which primarily attacks the lactose and forms 
relatively large amounts of lactic acid together with small amounts of 
secondary products, and Streptococcus citrovorus and/or Streptococcus 


Received for publication September 5, 1947. 
* Professor of Chemistry, Missouri Valley College, Marshall, Mo. 
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paracitrovorus, which are characterized mainly by the fermentation of 
citric acid to diacetyl and related compounds, some of which add greatly 
to the flavor and aroma of butter cultures, certain types of butter, cultured 
buttermilk, various cheeses and other food products. The numbers of 
bacteria in active butter cultures, as determined by plate counts, commonly 
are in the hundreds of millions and may be over 1 billion per ml. In the 
cultures studied by Hammer (4), S. lactis often made up 90 per cent of the 
flora and only occasionally fell under 75 per cent; in certain cases the flavor 
type made up only 1 to 3 per cent of the flora. 

Price et al. (9) found that the lactic acid organisms usually produce 
from 0.7 to 1.0 per cent acid in milk, with the maximum about 1.2 per cent; 
most of the acid is lactic. Suzuki et al. (15) stated that the group of 
bacteria represented by S. lactis produces from 90 to 98 per cent of the 
theoretic yield of lactic acid from the sugar fermented, the remainder of 
the sugar going to alcohols, aldehydes and esters. . With 50 eultures of 
lactic acid streptococci, Sherman and Albus (13) found the acid produced 
in milk (10 days at 35° C.) ranged from 0.60 to 0.95 per cent, the average 
being 0.80 per cent. 

The high volatile acidities of butter cultures are evident from the odor 
and are readily detected by chemical procedures. Hammer and Bailey (7) 
found that the volatile acidities of butter cultures ranged from 31.2 to 
37.6 (ml. of 0.1 N NaOH to neutralize 1 1. steam distillate from 250 g. 
culture) ; the total acidities varied from 0.87 to 1.08 per cent. Cordes and 
Hammer (3) noted that the volatile acidity of a butter culture increased 
as the total acidity increased until, in general, it reached 10 to 15 per cent 
of the total acidity. With 183 butter cultures grown in pasteurized milk, 
Templeton and Sommer (16) found the volatile acidities averaged 15.43 
per cent of the total acidities; with 28 cultures grown in pasteurized milk 
plus 0.2 per cent citric acid, the value was 23.10 per cent. Boekhout and 
Ott de Vries (2) found that symbiosis of the two types of butter culture 
organisms yielded not only fiavor but also considerable volatile fatty acid 
which was acetic. 

The recognition by Van Niel et al. (17) that acetylmethylearbinol 
(AMC) and diacetyl (AC2) either are responsible for the aroma of butter 
or are the principal components of the aroma material soon led to studies 
on the production of AMC and AC, in butter cultures. Schmalfuss (10), 
by the sense of smell, detected AC2 in a milk culture of a rod-shaped lactic 
acid organism and, through analyses, confirmed the identification of this 
compound. Van Niel et al. (17) noted that certain strains of propionic 
acid bacteria on a special medium (yeast-dextrose-chalk-agar) produced 
an odor similar to that of a high quality butter. A wide variation in the 
production of this odor was noted among the strains of propionic acid 
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bacteria, and a study of the products formed indicated that AMC was 
related to the typical butter aroma. It also was observed that a dilute 
aqueous solution of AMC or ACz had an odor characteristic of butter. The 
authors concluded that AC2 either is responsible for the aroma of butter or 
is the principal component of the aroma material. Michaelian et al. (8) 
determined the amounts of AMC + AC, in satisfactory cultures and also 
in cultures lacking flavor. The results showed that considerable AMC 
plus AC2 was present in satisfactory cultures. The authors also found 
that cultures contained only small amounts of AMC + AC, during the 
early stages of ripening, while conspicuous increases occurred later. It 
was observed that early in the ripening pronounced changes in titratable acid 
or pH had little effect on the amount of AMC + ACz present, but later 
striking increases occurred with little or no change in acidity. Hammer 
_ (5) and Michaelian et al. (8) made an extensive study of the relationship 

of AMC and AC, to butter cultures. Hammer and Babel (6) compiled 
an extensive review on the bacteriology of butter cultures. Schmalfuss 
and Barthmeyer (11, 12) studied the presence of AMC and ACz in various 
food materials and noted that the foods examined contained much more 
AMC than ACo. 

Much research has been done on the study of flavor and aroma com- 
pounds in milk, butter, foods and other materials. However, to the 
authors’ knowledge, no information has been published on the production 
of these compounds in soybean milk and its products. This investigation 
was undertaken to determine the comparative biochemical activity of the 
butter culture organisms, S. lactis, 8S. citrovorus, and S. paracitrovorus, in 
cow’s milk and soybean milk. 

Soybean or vegetable milk is used extensively throughout Japan and 
China for infant feeding as well as a food for adults. The introduction of 
soybean milk to the American people has occurred only recently. Soybean 
milk has been manufactured in the form of a powder. It has been used 
with good results in breads and cakes, in creaming vegetables, in custards, 
in chocolate or cocoa, and in several other food products as a substitute for 
cow’s milk, especially in those countries that find it cheaper to use a vegetable 
milk. The high nutritive value of soybean milk and its many potential uses 
indicate that this product will continue to rise in importance as an item 
in the human diet. The development by butter culture organisms of AC. 
and related compounds in vegetable milk and products made from it may 
be desirable from a commercial standpoint. 


EXPERIMENTAL PROCEDURE 


The butter cultures used in this investigation were obtained from the 
Department of Dairy Industry, Iowa State College, Ames. The cultures 
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were carried in sterile skimmed milk, transferred daily, and incubated 
at 21° C. until coagulation occurred. The cultures were removed immedi- 
ately after coagulation and held in the refrigerator at a temperature of 
approximately 10° C. 

Seven-hundred-milliliter samples of skimmed cow’s milk and of soy- 
bean milk were placed in quart milk bottles, plugged with rubber stoppers, 
covered with wrapping paper, and sterilized by heating to 100° C. for 
20 minutes on 3 consecutive days. The soybean milk used was obtained 
from Harry Miller, Director of the International Nutrition Laboratory, 
Mt. Vernon, Ohio. The sterilized samples of milk were inoculated with 
butter culture organisms (3 ml.) and held at 21° C. for 0, 12, 28, 48, 72, 
96, 168 and 216 hours. The hydrogen-ion concentration, titratable acidity, 
volatile acidity, and AMC + ACs were determined in duplicate on each 
sample at the end of each incubation period. 

The pH determinations were made on 10-ml. samples of each culture 
of fermented milk, using a Coleman 3C glass electrode potentiometer. 

The titratable acidity was determined by the titration of 10 ml. of the 
culture with 0.1 NV sodium hydroxide, using phenolphthalein as the indicator. 
The end-point taken was that point at which a faint pink color remained 
for 1 minute. The acidity obtained was expressed as per cent lactic acid. 

The volatile acidity was determined by the method of Michaelian e¢ al. 
(8). Two hundred and fifty grams of the cultured milk with 250 ml. of 
distilled water was steam distilled after the addition of 15 ml. of N sulfuric 
acid. The first 1,000 ml. of distillate was titrated, using 0.1 N sodium 
hydroxide and phenolphthalein. The results were expressed as the ml. of 
0.1 N sodium hydroxide required to neutralize the acidity. In determining 
the amounts of flavor and aroma compounds by the procedure of Michaelian 
et al. (8), a 200-g. portion of the milk was distilled with steam after adding 
40 ml. of ferric chloride solution to oxidize the AMC ta AC2. Hydroxyla- 
mine hydrochloride, sodium acetate, and nickel chloride solutions were 
added to the distillate as a mixture. The material was allowed to stand at 
least 1 day in order to permit complete crystallization ; the nickel salt then 
was filtered into a weighed crucible. The salt was washed with distilled 
water, dried to constant weight at 110° C., and the results were expressed 
as the milligrams of nickel dimethylglyoximate per 200 g. of cultured milk. 


RESULTS AND DISCUSSION 


The values obtained for the pH and volatile acidity were comparable 
in most instances for both types of milk held at the various incubation 
periods. After cultures of fermented soybean milk were held for 96 to 
216 hours, the volatile acidities ranged from 24.2 to 32.3 (ml. of 0.1 NV 
NaOH to neutralize 1 1. of steam distillate from 250 g. of culture) ; 
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whereas, for cow’s milk the values were 23.4 to 27.5 ml. (table 1). The 
value for the volatile acidity in cow’s milk plus 0.15 per cent citric acid 
averaged 32.6 ml. for an incubation period of 96 to 216 hours; the corre- 
sponding value for cultured soybean milk was 33.5 ml. (table 2). 

The production of AMC plus AC2 in soybean milk by butter culture 
organisms was not evident until after an incubation period of 48 hours; 
however, upon incubation of cultured soybean milk for 168 to 216 hours, 
larger amounts of the flavor and aroma compounds were produced in 
soybean milk as compared to cow’s milk (table 1). When the samples 
were held for 168 hours at 21° C., 33.6 mg. of Ni salt were obtained from 
200 g. of cultured soybean milk. In cow’s milk held under similar condi- 
tions, 18.2 mg. of Ni salt were obtained. In cow’s milk a trace of AMC 
plus AC. was formed after a 12-hour incubation period. The results 
obtained for the production of AMC plus AC, in cow’s milk are in agree- 
ment with those of Michaelian et al. (8), who found that satisfactory 
cultures yielded 10 mg. or more nickel dimethylglyoximate per 200 g., the 
maximum being 39.5 mg. The results obtained for the cultured soybean 
milk are comparable. 

When the butter culture organisms were grown in cow’s milk pius 0.15 * 
per cent citric acid, the’: AMC plus AC, content was found to the extent 
of 14.2 mg., as the Ni salt, per 200 g. of culture after an incubation period of 
12 hours (table 2). The AMC plus AC, content increased to 44.7 mg. upon 

‘ineubation of the cultures for 216 hours. For cultured soybean milk plus 
0.15 per cent citric acid the production of AMC plus AC» was retarded; 
2.4 mg. of the Ni salt were obtained after an incubation period of 24 hours, 
which increased to 42.3 mg. after 216 hours of incubation. AMC plus 
AC. was not developed as rapidly in soybean milk as in cow’s milk, but 
upon prolonged incubation the results obtained were in close agreement. 

The AMC plus AC2 content of samples of cultured cow’s milk and 
soybean milk held for 72, 96, 168, and 216 hours at 21° C. averaged 17.2 
and 19.2 mg. of the Ni salt, respectively (table 1). When 0.15 per cent 
citric acid was added to the cultures, the average values obtained were: 
cow’s milk, 33.2 mg.; soybean milk, 32.5 mg. (table 2). This represents a 
93 and 70 per cent increase in the AMC plus AC, content of the cultured 
cow’s milk and soybean milk, respectively. ] 

The values obtained for the titratable acidity in cow’s milk and cow’s 
milk to which 0.15 per cent citric acid was added were nearly twice as great 
as those secured for the cultured soybean milk. Early in the ripening pro- 
nounced changes in titratable acid or pH had little effect on the amount of 
AMC plus AC, present, but later significant increases occurred with little or 
no change in acidity. These results are in agreement with those of Michael- 


ian et al. (8). 
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Further data are presented in table 3 for samples of cultured soybean 
milk to which 0.10 0.15, 0.20, and 0.30 per cent citric acid was added. 


TABLE 3 
The relationship between certain biochemical activities of butter culture organisms when 
propagated in cow’s milk and soybean milk re-enforced with citric acid 


(Av. of two determinations. Cultures grown in 700 ml. of sterile substratum 
inoculated with 3 ml. of culture and incubated at 21° C.) 


. Added citric Titratable Volatile mg. of Ni 
Monte 21° ©. acid (%) acidity acidity» salte 
Soybean milk 

0 0.10 6.1 0.17 3.8 None 
48 0.10 4.6 0.68 11.5 11.9 
72 0.10 4.6 0.62 23.0 23.4 
120 0.10 4.3 0.64 33.5 | 40.1 

0 0.20 6.1 0.17 3.8 None 
48 0.20 4.6 | 0.67 12.3 15.0 
72 | 0.20 4.7 | 0.70 27.0 47.0 
120 0.20 4.4 | 0.77 40.0 44.0 
72 0.15 4.4 0.65 21.1 20.3 
120 0.30 4.4 | 0.66 40.2 35.4 

: Cow’s milk 

72 0.15 4.3 1.02 39.3 49.1 
120 0.30 4.3 1.04 40.7 46.0 


a As per cent lactic acid per 10 g. sample. 
b Values expressed in ml. of 9.1 N sodium hydroxide per 1,000 ml. of distillate. 


¢ Milligrams of nickel dimethylglyoximate per 200 g. of culture. 


SUMMARY AND CONCLUSIONS 


A comparative study was made of pH, titratable acidity, volatile 
acidity, and acetylmethylearbinol plus diacetyl on samples of cow’s milk 
and soybean milk inoculated with the butter culture organisms, Strepto- 
coccus lactis, Streptococcus citrovorus and Streptococcus paracitrovorus, 

The values secured for the pH and volatile acidity were comparable in 
most instances for both types of milk held at the various incubation 
periods. The value for the volatile acidity in cultured cow’s milk averaged 
28.3 (ml. of 0.1 N NaOH to neutralize 1 1. of steam distillate from 250 g. 
of culture) for an incubation period of 96 to 216 hours; the corresponding 
value for cultured soybean milk was 27.2 ml. For cultured cow’s milk 
and soybean milk plus 0.15 per cent citrie acid, the values were 32.6 and 
33.5 ml., respectively. 

During the early stages of fermentation of cultured cow’s milk and 
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soybean milk, only small amounts of acetylmethylearbinol plus diacetyl 
were present, while after 96 hours of incubation at 21° C. appreciable 
increases in these substances occurred. 

Samples of cultured soybean milk held 168 to 216 hours contained larger 
amounts of acetylmethylearbinol plus diacetyl than cultured cow’s milk; 
33.6 mg. of Ni salt were obtained from 200 g. of cultured soybean milk 
held 168 hours at 21° C.; whereas, in cow’s milk held under similar condi- 
tions, 18.2 mg. were found. 

The acetylmethylearbinol plus diacetyl content of eight samples of 
cultured cow’s milk and eight samples of soybean milk held 72 ‘to 216 hours 
at 21° C. averaged 17.2 and 19.2 mg. of the Ni salt, respectively. When 
0.15 per cent citric acid was added to the cultures, the values obtained 
were: cow’s milk, 33.2 mg.; soybean milk, 32.5 mg. The addition of citric 
acid resulted in a 93 and 70 per cent increase in the production by butter 
culture organisms of acetylmethylearbinol plus diacetyl in cow’s milk and 
soybean milk. 

Acetylmethylearbinol plus diacetyl was not developed as rapidly in 
soybean milk as in cow’s milk, but upon extended holding of the cultures 
the results obtained were comparable. 

Cultures of cow’s milk held at 21° C. for 72 to 216 hours had an average 
lactic acid content of 1.05 per cent; whereas, cultures of soybean milk held 
under similar conditions had a lactic acid content of 0.51 per cent. Samples 
of fermented cow’s milk plus 0.15 per cent citric acid held for 72 hours or 
longer contained nearly twice as much lactic acid as samples of fermented 
soybean milk. 

Early in the ripening pronounced changes in titratable acid had little 
effect on the development of acetylmethylearbinol plus diacetyl in cow’s 
milk and soybean milk, but later in the incubation period signifieant 
increases occurred with little or no change in acidity. . 
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THE ROLE OF SURFACE-ACTIVE CONSTITUENTS INVOLVED 
IN THE FOAMING OF MILK AND CERTAIN MILK PRODUCTS. 
III. MILK LIPIDS, INCLUDING PHOSPHOLIPIDS? 


G. A. RICHARDSON? anp M. 8. EL-RAFEY3 
Division of Dairy Industry, College of Agriculture, University of California, Davis 


The role of the milk lipids in the foaming of milk is not clearly defined. 
Van Dam (27), by decreasing the fat content of separated milk from 0.22 
to 0.08 per cent, and Mohr and Brockmann (14), by increasing it from 
0.04 to 1.0 per cent, concluded that the foaming capacity and foam stability 
varied inversely with the fat content. Sommer and Horrall (24) found 
addition of fat to a skim milk-gelatin-sugar mix greatly decreased whip- 
ping ability. El-Rafey and Richardson (5) attributed the minimum foam- 
ing of skim milk, whey, lactalbumin sols, and blood serum at approximately 
27° C. to the presence of fat globules. 

Leete (11), on the other hand, from studies with skim milk, milk, and 
cream, concluded no definite statement could be made regarding the effect 
of milk fat on foaming without considering temperature. Sanmann and 
Ruehe (22), failing. to find a definite relationship between the fat or solids 
content of milk and its foaming ability, suggested that the foaming ability 
_ of milk from individual cows largely is dependent upon factors which are 
characteristic of the cow. When these latter factors were controlled, they 
found that increasing the fat content usually decreased the foaming ability ; 
the reverse was true with respect to solids-not-fat. According to Holm 
(7), inereases in the fat content of milk over that normally present result 
in increased foaming and great foam stability. 

The effect of the physical state of the fat on its influence on foaming 
has been recognized. Mohr and Brockmann (14) found that milk exhibits 
greater foaming properties at temperatures at which the fat is liquid than 
where it is solidified. This appears to be contrary to the theory proposed by 
Leviton and Leighton (12) that the destructive action of milk fat and other 
lipids on foam depends upon their ability to spread on water. It has been 
reported that the concentration of fat in sodium easeinate solutions is of less 
significance on their foaming capacity than the chemical and physical 
condition of the fat (19). 

Preliminary studies of the role of milk fat in the foaming of milks and 
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creams suggested not only that the concentration, the chemical composition, 
and the physical state of the fat must be considered, but also that the 
nature of the material comprising the interface between the fat globules 
and the aqueous medium is of even greater significance. 


EXPERIMENTAL PROCEDURE 


The method of measuring foaming capacity and foam stability has been 
described in a previous publication (4). The milk fat used in this study 
was obtained by churning fresh cream from mixed herd milk, melting the 
butter at 50° C., and filtering the decanted fat at the same temperature. 
The fat was stored at 5° C. 

Preliminary investigations showed that soybean phospholipids gave 
essentially the same results when used as emulsifiers as milk phospholipids 
isolated from separator slime. Soybean phospholipids,‘ which are a mix- 
ture including lecithin, cephalin, and probably inositol phosphatide, were 
used in these studies. 

The natural emulsions were prepared by diluting cream with the appro- 
priate volumes of its separated milk. The artificial emulsions were prepared 
by dispersing the fat or oil, with or without added phospholipid, in pas- 
teurized separated milk, or other medium, using a two-cylinder hand 
emulsifier.» When stabilizers, such as gum arabic, were used, the fat first 
was triturated with the powdered gum and distilled water, and the resulting 
cream, after being diluted to the desired concentration, was passed through © 
the emulsifier. 

The size of the fat globules in the creams was determined microscop- 
ically using the technic of Cole and Smith (3). Emulsification was con- 
sidered satisfactory when the globules ranged in diameter from 1 to 11 yp, 
with an average diameter of 3.5». To attain this it sometimes was neces- 
sary to pass the mixtures through the emulsifier three to five times. 

Phosphorus in the fats was determined colorimetrically (31), the fat 
being ashed according to the method of Horrall (8). 


RESULTS 


Effect of fat percentage on the foaming of milk and cream. At certain 
temperatures, at least, skim milk and cream yield their own distinctive 
type of foam, as illustrated in figure 1. In a series of milks and creams of 
increasing fat contents, both types of foam will be expected to be present 
at a certain fat content, and somewhere in the series a reversal of predom- 
inating types will take place. 

***Margo’’, 70 per cent phospholipid in soybean oil, courtesy of Dr. J. Eichberg, 
American Lecithin Company, Long Island City, N. Y. ‘‘Best Grade Lecithin’’, courtesy 
of Mr. D. C. Ingraham, Durkee Famous Food Company, Berkeley, California. 

5 Club Aluminum Products Co., Chicago, Illinois. 
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Fig. 1. Types of foam from milk and cream. (a) Skim milk or protein type. 
(b) Cream or lipoprotein type. 
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Fig. 2. The effect of increasing the fat content of skim milk from 0.01 to 35.0% 
‘ on its foaming properties at 6° C. and at 35° C. 
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A series of samples ranging in fat contents from 0.01 to 35.0 per cent 
was prepared using raw separated milk and raw cream. As shown in 
figure 2, at both 6 and 35° C., as the fat content increases, the foam stability 
first decreases to a minimum value, and this is followed by a rapid increase. 
in stability. With fat concentrations up to between 5.0 and 7.5 per cent, 
the foam consisted of small, compact cells with a short half-volume time. 
Above 7.5 per cent of fat, a cream-type or lipoprotein-type of foam pre- 
dominated. This latter consisted of large cells with distorted lamellae that 
maintain an increasingly stable structure with increasing fat percentage. 
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Fig. 3. The effect of the type of stabilizer on the foaming of milk fat emulsions 
at 35° C. (All emulsions were made by diluting creams, stabilized as indicated, with 
skim milk. The emulsions for curve (2) differ from those of (1) in that the fat for 
(2) contained 4% phospholipids added prior to emulsification. Curve (3) ae 
emulsions of soybean oil containing 4% added phospholipids.) 
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At 6° C. both types of foam were visible in the 7.5 per cent milk. At 6° C. 
the foam volume remained constant regardless of the fat content. 

Effect of the emulsifying agent on foaming. Various emulsions were 
prepared as follows: (a) Natural raw cream was diluted with raw separated 
milk to give a series of milks ranging in fat contents up to 3.5 per cent. 
(b) Artificial emulsions were made by emulsifying milk fat into raw 
separated milk, gelatin sols, or gum arabic and diluting the resulting 
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creams with separated milk to give a series of milks of fat contents similar 
to those in (a). (¢) Artificial emulsions were made by emulsifying milk 
fat or soybean oil, each containing 4 per cent added soybean phospholipids, 
into raw separated milk and diluting these with the separated milk to 
obtain the series of milks of varying fat contents. The foaming character- 
istics of these milks at 35° C. were studied. 

The results are shown in figure 3. With the emulsions made with the 
natural cream, a rapidly progressive decrease in foaming occurs with 
increasing fat content up to 0.2 per cent fat, after which no marked further 
decreases occur. The emulsions of milk fat containing the added phospho- 
lipids showed a marked resemblance to the natural emulsions up to a fat 
content of 1 per cent. With increasing fat contents, however, the foaming 
capacity (and foam stability) increased. The type of this latter foam was 
distinctive. It was coarse in structure, consisting mostly of five- and six- 
membered rings. It exhibited a marked glistening and iridescent appear- 
ance. The lamellae became very thin and the whole structure collapsed 
in an explosive manner. This type of foam will be referred to as the ‘‘phos- 
pholipid’’ foam. As later experiments will indicate, the 4 per cent added 
phospholipid is excessive. 

The effect of increasing fat contents is not so marked in those emulsions 
stabilized with skim milk or gelatin. No changes in the nature of the foams 
were observed with increasing fat contents. With the gum arabic-stabilized 
emulsions, increasing concentrations of fat exerted a slow but progressive 
depressing action on foaming. The depressing action of the soybean oil 
containing added phospholipids was found to be less marked than that of 
milk fat, but, in the higher concentrations, the typical phospholipid foam 
was observed. 

Effect of increasing phospholipid content on the foaming of separated 
milk. A 2 per cent soybean phospholipid emulsion, prepared by dispersing 
it in pasteurized skim milk at 50° C. and passing it five times through the 
emulsifier, was diluted with the skim milk to give a series ranging from 0.0 
to 2.0 per cent added phospholipid. Foaming tests were made at 21.5° C. 
The results are shown in figure 4. As the added phospholipid increases 
to 0.05 per cent, the foaming tendency decreases. This decrease is about 
six times that obtained by adding soybean oil in amounts equivalent to that 
associated with the added phospholipid. 

As the concentration of phospholipid increases beyond 0.05 per cent, 
a typical phospholipid foam begins to appear, first as a coarse unstable 
foam, similar ¢o that of buttermilk, and followed by foams of increasing 
height, compactness, iridescence and stability. 

Effect of phospholipid concentration in the fat on foaming of milk 
emulsions. Four 10 per cent fat emulsions were prepared by emulsifying, 
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in pasteurized skim milk, milk fat containing 0.0, 0.45, 0.7, and 1.0 per cent 
added soybean phospholipid. The foaming properties were studied at var- 
ious temperatures between 5 and 55° C. Figure 5 shows that each emulsion 
yielded foams of minimum stability at temperatures between 27 and 35° C. 
As the phospholipid content increased, the protein-type foam, characteristic 

420 
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Fie. 4. The effect of added soybean phospholipids on the foaming of skim milk 
at 21.5° C. 


of skim milk, gradually was replaced by a cream-type or lipoprotein-type 
foam. 

No further increases in foaming capacity or foam stability occurred at 
temperatures above 50° C. In figure 6 it is seen that the emulsions made 
with fat containing about 0.8 per cent phospholipid yielded foams of mini- 
mum or low stabilities at all the temperatures below 50° C. The artificial 
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emulsions made with fat containing from 0.5 to 1.0 per cent phospholipid 
had foaming characteristics more closely resembling those of the natural 
emulsion made from cream and skim milk. At 23° C. the emulsions pre- 
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Fie. 5. The effect of temperature on the stability of foams of 10% emulsions of 
milk fat, containing varying concentrations of soybean phospholipids, dispersed in 
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pared with fat containing 0.8, 0.85, and 0.9 per cent phospholipid showed 
two types of foam, a protein foam that subsided quickly and the very stable 


cream-type of foam. 
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Effect of increasing the concentration of the fat of constant phospho- 
lipid content on the foaming of artificial creams. Artificial creams were 
prepared by emulsifying milk fat containing 0.5 per cent added soybean 
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Fig. 6. The effect of increasing the phospholipid content of milk fat from 0.0 to 
2.0% on the foam stabilities of a 10% emulsion in pasteurized skim milk at 5, 23, 38 
and 50° C. 


phospholipid into pasteurized skim milk. Natural creams were included. 
The results, shown in table 1, indicate that at 5 and 28° C. the foaming 
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tendency and the foam stability increase as the fat concentration increases 
from 10 to 40 per cent; the surface tension decreases with increasing fat 
concentration. At 50° C. the foaming capacity remains constant for in- 
creasing fat concentration, while the surface tensions and the half-volume 
times decrease progressively with increases in the fat. The surface tension 
values and the foaming properties of the 30 per cent artificial cream were 
very similar to those of the pasteurized natural cream c ’ similar fat content. 

Effect on foaming properties of emulsifying milk fat, with and without 
added phospholipids, in buttermilk. Wiese and Palmer (30) found that 
remade milk, made by dispersing butterfat in buttermilk, closely resembled 
whole milk in many respects, including the churnability of its cream. On 


TABLE 1 


The effect of concentration of fat of constant phospholipid content on the 
foaming of artificial creams 


Results at 5° C. Results at 28° C. 

Sample Surface Foam | % volume Surface | Foam 1% volume 
tension height time tension height time 
(dynes/em.)| (mm.) (sec.) (dynes/cm.) | (mm.) (sec.) 
115 12 43.4 40 5 
20% cream | nun 162 17 45.0 100 > 3000 
80% eream 200 1220 42.3 240 > 3000 
40% cream ........ 205 > 3500 40.0 

31% natural 

cream ........... 51.0 200 > 3000 42.7 240 > 3000 


the other hand, emulsions made by dispersing milk fat in calcium caseinate, 
lactalbumin, lactoglobulin, or phospholipid-aqueous media behaved quite ab- 
normally. These investigators used milk fat in which the phospholipid 
presumably would be absent or nearly so. They did not add phospholipid 
to the fat. 

‘Two creams were made by emulsifying milk fat or milk fat containing 
0.5 per cent soybean phospholipid into buttermilk from sweet, pasteurized 
cream. Foaming was studied at three temperatures and the results com- 
pared with those obtained with a 31 per cent pasteurized natural cream. 
The results (table 2) show that the addition of phospholipid to the milk 
fat prior to emulsification improves the foaming properties of the artificial 
creams to the extent that they resemble those of natural cream. The foam , 
stability of these creams at 5° C. and 23° C. is almost eight times that of 
the cream with no phospholipid added to the fat. 

It appears to have been established that the natural fat globule 
‘‘membrane’’ of milk and cream is some sort of phospholipid-protein com- 
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plex. Palmer (15) stated, ‘‘ Indeed, not only was it found that the emulsion 
properties and churnability of artificial emulsions of milk fat in the various 
colloidal sols from milk plasma are strikingly different from those of washed 
natural cream but also that the ‘membrane’ materials isolated from the 
washed artificial creams are also chemically distinct from the natural 
‘membrane’ substances’’. To the authors’ knowledge no attention has been 
paid to the presence or absence of phospholipid dissolved in the fat being 
emulsified. It is known, however, that the amount of these compounds left 
associated with the fat after its isolation depends upon the method of 


TABLE 2 


The foaming of 30% ‘creams prepared by emulsifying butterfat, with and without 
0.5% added soybean phospholipids, in buttermilk from 
sweet cream containing 31% fata 


; Results at 5° C. Results at 23° C. 
Surface | Foam | % volume Surface Foam | ¥% volume 
Cream tension | height time tension height | time 
(dynes/cm.) | (mm.) (sec.) (dynes/em.) | (mm.) (sec.) 

30% cream in ; 

buttermilk, 

no added | | 

phospholipid 54.4 | 200 396 48.2 220 435 
30% cream in | 

buttermilk, | 

0.5% phos- | | 

pholipid 

added to 

the fat ..... 52.3 | 200 > 3000 43.5 240 > 3000 
31% natural | | 

cream .......... 51.6 | 200 3000 42.9 240 | > 3000 
Buttermilk j 

(0.4% fat) | 51.9 | 170 20 47.1 60 | 25 


a At 50° C. all samples gave the protein-type foam. 


isolation (6, 21). Jenness and Palmer (9) did have some indication that 
the protein as it is ‘‘eroded’’ during churning pulls away varying amounts 
of phospholipid with it. Observations in this laboratory (18) revealed 
striking visible differences at the interface between liquid milk fat super- 
imposed upon a warm aqueous medium depending upon whether or not the 
fat contained phospholipid and whether or not the medium was pure water 
or contained whey proteins. The interface between the fat containing 
phospholipid and the pure water was cloudy, indicating solvation of the 
phospholipid ; all the other interfaces remained clear. 

The effect of incorporation of phospholipids in the fat of artificial 
creams on some of their physical properties. Soybean phospholipids were 
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dissolved in milk fat to a concentration of approximately 1.0 per cent by 
heating to 50° C. The solution was clear but showed a tendency to give an 
iridescent-type foam. A 25 per cent dispersion was prepared by emulsify- 
ing it in distilled water at 45° C. The emulsion was diluted to give creams 
containing 16.5 per cent butterfat, one-half being diluted with distilled 
water and the other half with a 0.5 per cent lactalbumin solution. The 
lactalbumin was isolated as described previously (4). Both creams were 
held overnight at 2° C. 


TABLE 3 


Foaming properties of creams prepared with butterfat with 1.0% soybean ghenerane 
added emulsified in distilled water and in 0.5% lactalbumin solution 


Surface Foam % volume Surface Foam |% volume 
tension height time tension height time 
Temp. 
16.5% cream (1% phospholipid in || 16.5% cream (1% phospholipid 
fat) in distilled water in fat) in 0.5% lactalbumin 
(°@.) (dynes/em.) | (mm.) (sec.) (dynes/em.) | (mm.) (sec.) 

5 47 190 250 48.9 210 > 30004 
16 40.9 40 10 46.6 185 1450a 
25 40.5 20 6 40.5 30 10 
37 29.1 100 > 3000 29.6 15 
45 29.1 105 > 3000 29.0 15 5 

Buttermilk from above cream Buttermilk from above cream 
0.61% fat 1.1% fat 
46.5 2 45.4 70 | 8 
2 50 | 5 
19 39.6 2 45.2 10 3 
37 36.7 15 4 41.0 2 1 
45 31.5 15 + 35.2 8 1.5 


a Typical cream-type foam. 
»At 37°C. the cream oiled off and an iridescent phospholipid foam originated 


from the oil layer on top. 

Upon examination, the cream prepared in water contained large fat 
aggregates which stuck to the walls of the container and resembled those 
formed when normal cream is on the verge of ‘‘breaking’’ during churning. 
On heating to 37° C., the emulsion oiled off. Churning time at 10° C. was 
about 5 minutes. The butter formed a solid crumbly mass and the butter- 
‘milk contained 0.61 per cent fat (Babeock). The other cream prepared in 
the albumin solution had a smoother body, less tendency for fat aggregation, 
and a longer churning time (about 12 minutes). The butter was more 
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plastic, the butter granules maintained their individuality, and the butter- 
milk contained 1.1 per cent fat. The cream formed a stable cream-type foam 
between 5 and 15° C., and the foam decreased in volume and stability at 
increased temperatures. 

Table 3 shows that the surface tensions of the creams were very similar 
except at the temperature of 16° C.; those of the buttermilk from the 
lactalbumin cream were higher than those of the other except at 5° C. The 
foaming characteristics of the creams and the buttermilks from them were 
diametrically different with respect to the effect of temperature. The 
lactalbumin-phospholipid stabilized cream gave the typical cream-type 
foam at low temperatures; the protein-free cream yielded the typical 
phospholipid foam at the higher, temperatures. 


TABLE 4 
Phosphorus in the filtered butterfat from butter churned from artificial creams 
Sample Weight of fat Total 
| Deseription phosphorus Phosphorus 
| (mg./g. 
(9.) (9.) fat) 
1 Original fat 4.1527 0 0 
2 Original fat plus approx, 1% 
| phospholipids 4.0591 0.855 0.211 
3 Fat from butter of cream from 
fat no. 2 in distilled water 4.0365 0 0 
4 | Fat from butter of cream from 
fat no. 2 in 0.5% lactal- : 
| bumin solution 4.017 0 0 


The analyses for phosphorus in the fat from the butter of each cream 
(table 4) showed that protein is not necessary to ‘‘pull’’ the phospholipid 
from the fat during churning. Apparently, the mere solvation of the polar 
phosphorie acid-choline group of the lecithin and of the phosphoric acid- 


ethanolamine group of the cephalin is sufficient. 


DISCUSSION 


The results of this study clarify, in some measure at least, the problem 
of making artificial emulsions of milk fat with properties similar to the 
natural product, using milk solids as stabilizers. Most workers in the past 
have overlooked the importance of incorporating phospholipids in the fat 
prior to emulsification. Wiese and Palmer (30) recognized that ‘‘The 
butterfat-in-buttermilk dispersion resembles whole milk in every respect, 
in general appearance, microscopic structure, cream separation and churn- 
ability of the cream.’’ When they prepared stable emulsions with the 
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proteins of milk as emulsifiers, these emulsions were abnormal in one or 
more of their properties. The best churning was obtained with a phos- 
pholipid stabilizer. All stabilizers were incorporated in the aqueous phase 
prior to emulsification. Wiese et al. (29), in studies on the rebodying of 
eream, found that only those emulsions prepared with the normal fat: 
globule membrane present during the emulsification responded to the re- 
bodying process. They also noted that the composition of the butterfat 
appears to be a factor, presumably referring to the chemical constants of 
the fat, rather than its purity with respect to phospholipids. As stated 
earlier, the phospholipid content of filtered milk fat depends upon the 
purification procedure (6, 21). It is known also that the phospholipids of 
milk, cream, and butter exist in at least three states: free, loosely-bound to 
protein (probably by secondary valences), and chemically-bound to protein 
(primary valences) (2, 17, 26). Jenness and Palmer (9) emphasized that 
the ratio of phospholipid to protein was greater in the serum of washed- 
cream butter than in its buttermilk. It would be interesting to know the 
ratio of cephalin to lecithin in this respect, especially in view of the work 
of Spiegel-Adolph (25), Chargaff (2) and Rewald (17), who showed that 
the phosphatides of butter consisted of 50 per cent lecithin, 36 per cent 
cephalin, and 14 per cent other phosphatides. 

Exact duplication of the foaming or other physical properties of a milk 
or cream by using artifical emulsions compounded from purified milk fat 
and other milk solids isolated by chemical means obviously is extremely 
difficult. The natural membrane material from cream which has not been 
washed too well would be expected to be the best emulsifier. 

The authors postulate the following explanation, based on eeeue: 
namical considerations. Assuming that milk fat is elaborated separately 
from the plasma solids (16), that the neutral blood fat is the main pre- 
cursor of milk fat, and that blood phospholipids or phospholipid-protein 
complexes take part in its transfer, it seems logical to assume that, initially, 
milk fat contains, or is associated with, phospholipids, free and/or linked 
to protein. These, being surface-active, would tend to migrate to the inter- 
faces between the fat and the aqueous medium during globule formation, 
their relative concentration being proportional to their surface activity. 
The phosphoric acid-choline polar group of lecithin and the phosphoric 
acid-ethanolamine polar group of cephalin would orient themselves toward 
the aqueous phase. They would become solvated in pure water, but, in the 
presence of plasma proteins, functional’ groups of both phospholipids and 
proteins likely would react through primary valences to form salt-like com- 
pounds. It is known that lecithin and cephalin form complexes with 
bacterial cells which inhibit the action of synthetic detergents (1). 
Cephalin has been shown to react with serum albumin and salmine, the rate 
of reaction being high; lecithin appears to react more slowly (2). Other 


‘ | / 
; 
Xl 


236 '@, A. RICHARDSON AND M. S. EL-RAFEY 


less stable complexes are possible through secondary valences or adsorption. 
Macheboeuf and Sandor (13) voiced similar ideas in connection with blood. 

This speculation supports the theory advanced by Rimpila and Palmer 

(20), viz., ‘‘It appears possible that the ‘membrane’ may be formed before 
‘the fat globules become a part of the milk or that the fat globules may be 
secreted before the milk plasma is completely formed, in which case the 
‘membrane’ materials could be considered, in part at least, as precursors 
of plasma materials.’’ The speculation is not counter to the idea of a 
special ‘membrane’ protein, or to the finding that the membrane protein of 
cream washed four times with water, four times with rennet whey, and then 
four times with water, and that of an artificial whey cream washed three 
times with water, have a sulfur content practically identical with: the 
natural membrane. The membrane itself was lower in lipid phosphorus 
when whey was not used (20). The speculation is in keeping with the lipid 
extraction data of Tayeau (26), who found 20 per cent of the phospholipids 
in milk extractable with ether, 30 per cent with ether and soap, and the 
remainder extractable by ether after treatment with boiling alcohol to 
denature the protein in combination with the phospholipids. 

As an outgrowth of these studies the authors have adopted the practice 
of incorporating phospholipids in the fat as well as in the whey, skim milk, 
or other media in making remade milks or creams, providing the media do 
not already contain appreciable phospholipid or the lipoprotein complex; 
buttermilk requires none. The principle has found industrial application 
in making wartime substitutes for ice cream and also genuine ice cream 
(28). Lecithin, for example, is separately incorporated into both the 
aqueous and fatty phases. Josephson and Dahle (10) succeeded in impart- 
ing normal whipping properties to ice cream mixes made with butter or 
butter oil as the source of fat by emulsifying the fat with either dried egg 
yolk or the natural ‘‘membrane suspension’’ before incorporating the fat 
into the mixes. These authors considered that a protein-phospholipid com- 
plex, already formed, was essential for proper emulsification; specificity 
was allotted to the true ‘‘membrane’’ protein moiety of the complex. Sell 
et al. (23), in studies with mayonnaise, showed that the lecitho-protein 
complex of egg yolk was the emulsifying agent in egg yolk, whereas free 
lecithin and free cephalin were detrimental. The results of the present 
study would seem to indicate that unaltered serum proteins with functional 
groups available for combining with functional gruups of the phospho- 
lipids are adequate for the formation of such complexes. 


SUMMARY 


The role of milk fat in the foaming of milk, cream, buttermilk, and 
their artificial counterparts has been studied at temperatures between 5 and 
50° C. The results suggest the following conclusions. 
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1. In such emulsions two types of foam may appear separately or 
simultaneously, a protein type and a phospholipid-protein type. At the 
higher temperatures the protein type predominates. 

2. Whole milk, cream, and buttermilk exhibit minimum foaming at 
30-35° C. 

3. At 35° C. the foam volume and the foam stability of skim milk are 
decreased as the fat content is increased up to about 5.0 per cent. With 
further increases in the fat content both the volume and stability of the 
foam increase up to a fat content of 20 per cent, after which no further 
increases occur. At 6° C. the foam volume remains constant regardless of 
the fat content. The stability of the foam reaches a minimum at about 5 
per cent fat concentration, after which it increases rapidly until a fat con- 
tent of 10 per cent is reached, above which cream-type foams of high 
stability are formed. ; 

4. Artificial milks and creams were made to resemble the natural prod- 
uct only when phospholipids (soybean) were incorporated into the fat 
prior to emulsification. The medium should be a protein sol; a lactalbumin 
sol or a milk serum protein sol such as rennet whey was satisfactory. The 
most normal cream was made when the medium contained natural fat 
globule ‘‘membrane’’ material; buttermilk met this condition. 

5. Emulsions of pure milk fat in skim milk, gelatin, or gum arabic sols 
have abnormal foaming properties. 

6. For emulsions with fat dispersed to a degree comparable to that of 
natural milk or cream, the optimum concentration of mixed phospholipids 
in the fat appears to be from 0.8 to 1.0 per cent. Unbound phospholipid 
appears undesirable. 

7. These results have been discussed as they apply to churning, to 
cream whipping, to cream rebodying, and, by inference, to ice cream 
whipping. 
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A STUDY OF MULTIPLE BIRTHS IN A 
HOLSTEIN-FRIESIAN HERD* 
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Department of Dairy Industry, College of Agriculture, 
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Dairy cows are uniparous animals. Multiple births are relatively rare 
and occur with variable frequency. Twin births are most frequent, and 
triplets, quadruplets, and quintuplets are progressively rarer. Numbers 
of twin births reported for individual dairy breeds range from less than 
0.5 per cent to 4.5 per cent (11) and for individual herds up to 8.8 per 
cent (9). 

There still are differences of opinion as to whether twin births are de- 
sirable or undesirable in dairy cattle breeding (4,5). Hewitt (7) considers 
multiple births a sign of increased fecundity and fertility, whereas 
Williams (12) relates such births to unsound or even diseased conditions 
of the genital tract, in particular of the ovary. 

A general study of fertility in dairy cows, in which twin births were 
recognized as one of the factors influencing reproductive performance, led 
to a more detailed investigation of multiple births. The results are 
presented herewith. 


SOURCE OF DATA 


The data for this study were taken from the records of the Holstein- 
Friesian experimental herd at the New Jersey Agricultural Experiment 
Station and cover a period of about 15 years. The breeding program and 
operations pursued in this herd are rather unique insofar as the herd is 
self-containing and inbreeding is practiced to a high degree. The in- 
breeding with rigid selection is manifested in the preservation and con- 
centration of the young animals’ relationship to the noted sire, Ormsby 
Sensation 45th. In publications of Bartlett and Margolin (1) and Bartlett 
et al. (2, 3) detailed accounts are given of the conduct and progress of this 
experimental breeding project. From these reports it is evident that the 
artificial selection was not specifically directed toward reproductive effi- 
ciency and twinning but toward such qualities as milk and butterfat pro- 
duction, butterfat percentage, and body conformation. 


RESULTS 


By nature of the character investigated, the results must be so evaluated 
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that small changes in actual numbers could have notable effect upon some of 
the summaries and averages. 

General occurrence of multiple births. From 1931 to 1946 there were 
937 parturitions and abortions available for observation. Of these, 37 or 
3.95 per cent were twin births and 2 or 0.21 per cent triplets, making a 
total of 39 or 4.16 per cent multiple births. In other words, the average 
incidence of twin births was one in every 25.3 and triplets one in every 
468.5 births, or one multiple birth in every 24.0 births. The 39 multiple 
births were observed in 36 cows; three cows gave birth to twins twice. 
Since only two sets of triplets occurred and the gestation of one set ter- 


TABLE 1 
Multiple births in relation to age of dam 
| Observed multiple births 
| (no.) (no.) (%) 
1 269 2 0.74 
2 | 199 10 5.03 
3 | 142 6 4.23 
4 100 . 5 5.00 
5 77 | 6 | 7.79 
6 51 | 5 9.80 
7 41 | 3 7.32 
8 30 | 0 0 
9 23 | 1 4.35 
10 | 4 1 | 25.00 
11 | 1 0 0 
Summary | 937 | 39 | 4.16 


minated in an abortion without sex determination of the fetuses, it was 
considered advisable in these investigations to include the triplets along 
with the twin births. 

Twin births in relation to age of dam. Frequency of twinning in re- 
lation to age of dam is summarized in table 1, where age is expressed in 
parturition numbers. The first parturition occurred at an average age 
of about 29.5 months, and the average interval between parturitions was 
about 14.5 months. This tabulation shows that the number of twin births 
has been extremely low at the first parturition. From then on it increased 
with age at calving, first increasing abruptly at the second parturition 
and then gradually reaching a peak at the fifth, sixth, and seventh par- 
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turitions. Above these ages a decrease seemed to take place, but in view 
of the small number of cases not too much weight should be given to this 
observation. 

Length of twin gestations. Confirming Hewitt’s findings in British 
Friesian cows (7), twin gestations in this herd were of shorter duration 
than gestations of single calves. The highly significant difference amounted 
to about 7 days. Between the sexually unlike twin pairs, differences also 
existed, as shown in table 2. The mean length of gestation of the male pairs 
was greater than that of the sexually-mixed pairs and considerably greater 
than that of the female pairs. It appears, as in the case of single calves 
(10), that sex of the fetuses has an influence upon length of gestation. 

Sex ratio. The sex ratio of 36 twin and one triplet births was found 
to be 33 males to 42 females, or 44 per cent males. The theoretical ratio 


TABLE 2 
} Lengti: of gestation of twins 
No. of Length of gestation 
gestations 
tandar 
obsex ved Mean days 
Male - pairs 6 275.33 + 3.97 6.87 + 1.98 
Sexually-mixed pairs .............. 11 273.64 + 2.74 8.23 + 1.75 
14 270.00 + 2.56 8.86 + 1.68 
Summary 31 272.99 + 1.68 9.37 + 1.19 


of twin pairs, 1 fg : 2 J? : 1 99 was met by an actual one of 9 dé: 
13 $2 :14 99, or 1.00 :1.44:1.56. Although these ratios are rather un- 
usual, their differences from the theoretical are not statistically significant. 

Vitality of multiple calves. The vitality of multiple calves was 
evaluated according to the number born dead or that died within 2 days 
after birth and by following up the individual life histories of female 
twin pairs. 

The mortality rate at birth for each sex is presented in table 3. It 
was slightly higher for male calves than for females. The average for 
both was 22.67 per cent, in contrast with only 9.65 per cent for the whole 
herd. 

The history of the 14 female twin pairs revealed that 6 individuals, 
or 21.43 per cent, were born dead or died soon after birth; 5, or 17.86 
per cent, were sold when immature, mostly for reasons of selection; 6, or 
21.43 per cent, freshened in the herd but showed relatively poor production 
and breeding records; only.3, or 10.72 per cent, remained in the herd 
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for the length of their natural life, averaging 8.5 years, and exhibited 
relatively good production and breeding records; and 8, or 28.57 per cent, 
still in the herd at the time of this writing were immature, ranging in 
age from 4 to 18 months. 

The mortality rate and life history of these heifer calves strongly in- 
dicate that twins have a lower vitality and poorer prospects of productive 
life than single calves. 

Retained placentae and twin births. The condition of retained pla- 
centae after twin births was very much aggravated when compared with 
births of single calves. Of 31 apparently normal multiple parturitions, 
23, or 74.19 per cent, were accompanied by this condition. The percentage 
for the whole herd we; 23.10. 

Conception rate of dams after twin births. After giving birth to twins, 
the dam’s conception rate for a succeeding pregnancy should be another 


TABLE 3 
Mortality of multiple calves 


Males Females 


33 42 


Dead and aborted Calves 0... 8 9 
Per out: 24.24 21.43 22.67 


No. of calves 


indication of the possible effect of twinning on future breeding efficiency. 
An analysis of the records revealed that 71 services were required for 22 
safe pregnancies in as many cows after twin births, corresponding with a 
conception rate of 3.23. This conception efficiency was almost 50 per cent 
lower than that of the herd average,.which amounted to 2.21. 

Calving interval after twin births. After the 37 twin births, apparently 
normal pregnancies and parturitions were noted in 13 instances. The 
mean calving interval was 483.5 + 22.3 days. This interval corresponded 
with a breeding efficiency of 75.41 per cent, which was considerably be- 
low the herd average of 82.59 per cent. This difference alone suggests 
that twin births cause a reduction in reproductive efficiency. 

Influence of twin birth upon future reproductive performance. In the 
39 cases of multiple parturitions, 15 cows, or 38.46 per cent, continued to 
produce in apparently normal fashion, except for the higher conception 
rate and longer calving intervals. On the average, these cows survived 
their twin calving age by 2.33 parturitions. Five cows, or 12.85 per 
cent, became sterile; 12 cows, or 30.77 per cent, were sold for various 
reasons shortly after giving birth to twins; and three cows, or 7.69 per 
cent, died after the twin parturitions, one because of hardware, another, 
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from a ruptured uterus, and the third from an unknown cause. Of the 
four remaining cows which have given birth to twins within the last 9 
months and which are still in the herd, two already have exhibited 
breeding troubles. 

This recorded information does not warrant definite conclusions in re- 
gard to the influence of twin births on the future reproductive perform- 
ance of the cows. The five proved cases of sterility are not in excess of the 
expectation for the whole population. It must be remembered that the 
disposals include a number of cases which must be regarded as doubtful 
in this respect. On the other hand, the first group, which consists of 
the 15 cows with an apparently normal reproductive performance after 
twin births, comprises the largest proportion of the grouped twin dams. 
Their performance at least implies that twin births do not necessarily 
cause breeding troubles with sterility implications or shorten the repro- 
ductive life of the cows. 

Breeding efficiency of twin dams. Previously it was shown clearly 
that twin births exert a depressive effect upon the dam’s subsequent 


TABLE 4 ? 
Breeding efficiency of twin dams compared with the herd as a whole 


' No. of Percentage of breeding efficiency 


Gro 
cases Standard Coefficient | Skewness of 
deviation of variation| distribution 


Herd asa whole 144 83.99+0.94 11.32+0.66 13.48 + 0.0483 
Twin dams 26 83.46+1.59 7.96+1.10 9.54 — 0.0302 


breeding efficiency. That this will affect a cow’s lifetime breeding effi- 
ciency in proportion to her life span is acknowledged for the following 
analysis. 

The lifetime breeding efficiency was determined for 26 twin dams, 
the only ones with complete records available. Their mean breeding effi- 
ciency and the standard deviation and coefficient of variation, as well as 
the approximate measure of skewness, were compared with the respective 
values of the herd as a whole. 

Table 4 shows that almost no difference existed in the mean breeding 
efficiency between these two groups. The values for the standard devia- 
tion and coefficient of variation were considerably smaller for the twin 
dams than for the whole herd, denoting a greater uniformity of the twin 
group. Moreover, the distribution of the twin group was skewed positively, 
that is, toward the higher values, while the distribution of the whole herd 
was skewed negatively. . Since twinning in itself has a depressing effect 
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upon the breeding efficiency, as already established, and since the frequency 
distribution of the herd as a whole markedly is skewed toward the lower 
values, a strong argument is offered-for a fundamentally higher breeding 
efficiency in favor of the twinning group. 

Milk production of twin dams. A study of the relationship between 
twinning and milk production was another object of this investigation. 
For this purpose the records of the 26 twin dams already employed in 
the analysis for breeding efficiency were considered suitable for a com- 
parison of the milk production between twin dams and the herd as a whole. 

The milk yield in both groups was expressed in pounds of 4 per cent 
fat corrected milk (5) per. day on a mature equivalent twice-a-day milk- 
ing basis. The actual milk yield was converted to the mature equivalent 
by the use of conversion factors based on the production records of the 
herd itself. The daily average was calculated on the total adult days 
the individual cow stayed in the herd, starting at the age of 27 months 
and continuing until her last calving. 


TABLE 5 
Milk production of twin dams compared with the herd as a whole 


Milk yield in Ib. 


No. of 
Group eases Standard 


Mean deviation 


Skewness of 
distribution 


Coefficient 
of variation 


5.32+0.74 17.70 — 0.7080 


30.08+1.06 


Twin dams .......... 26 


Herd as a whole 144 29.10+0.59 7.11+0.42 24.42 — 0.3047 


The results are presented in table 5. The constants chosen for this 
comparison were the same as those used for the analysis of breeding effi- 
ciency. The mean milk yield was insignificantly in favor of the twin dams 
(P = 0.70). The standard deviation and the coefficient of variation of 
the twin dams were considerably smaller than those of the herd, indicat- 
ing greater uniformity for the first group. The frequency distributions 
of both groups were skewed negatively. This analysis indicated that the 
twin dams were at least equal in milk production to the herd as a whole. 
Superiority on this basis alone could not be demonstrated. 

Comparison of various characteristics of fertility in twin dams and in 
the whole herd. Although the results of some investigations (7) indicate 
that twinning in dairy cows is associated with high reproductive qualities, 
this question is far from settled. Few data are available for correct evalua- 
tion of fertility itself, much less in relation to twinning. Thus, although 
twinning may be an expression of female fecundity in itself, the structural 
form of the female reproductive tract seems to obstruct the expression. 
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This conflict could be noted in the records and investigational results 
already cited and might interfere with most comparisons. 

Besides breeding efficiency, the following criteria were used in the 
evaluation of reproductive performance: Live and dead calves born, twin 
births, abortions, and retained placentae. The comparison between twin 
dams and a representative group of cows producing only single calves is 
shown in table 6. 

From this tabulation it will be seen that with the exception of the per 
cent of live calves, these measures of fertility all were in favor of the cows 
giving birth to single calves. That the greater percentage of living calves 


TABLE 6 


Comparison of various measures of fertility 
between twin dams and other herd representatives 


Herd 
Twin dams representatives 


142 


28 


Total no. of cows observed 


Av. coefficient of inbreeding per COW 0.0.00 0.09 0.09 
Av. gestation number observed 3.73 3.12 
Av. conception rate 2.53 2.10 


Based on total no. of parturitions: 


% of live calves 100.00 83.35 
% of dead calves ........ 17.50 7.83 
% of multiple births 23.33 0.0 
% of* abortions 9.17 6.57 


% of retained placentae 30.83 18.69 


for the twin dams’ group was due almost exclusively to the twin births’ 
was revealed simply by adding the percentages of live and dead calves in 
both groups and subtracting the percentage of multiple births from the 
twin dams’ group. Should allowance be made for the lack of vitality of 
twin calves, this slight superiority would vanish. 

Another important point in this tabulation is the average observed 
gestation number, which is considerably higher for the twin dams. Since 
the gestation numbers stand in relation to the average age at calving of the 
cows, their averages indicate strongly that the twin dams were older than 
the cows with only single calves. Two factors might have contributed to 
this effect. Probably the main factor was the expression of twinning rela- 
tively late in life, making the twin dams a selected group in this respect. 
Many of the younger cows in the second group were potential twin dams. 
The other factor would be that twiri dams actually were longer lived. 
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Twinning and inbreeding. When twinning was set in contrast with the 
degree of inbreeding of the cows in the herd, as illustrated in table 7, a 
non-uniform positive trend between these two characteristics was observed. 
This feature does not mean that twinning was dependently related to 
the degree of inbreeding as such. It indicated rather well, however, that 
the factors for the twinning disposition “were present in some of the 
foundation animals. By directing the breeding operations to the inbreeding 
of such animals, these factors became more concentrated in some cows and 
expressed themselves more often than in the foundation cows. 
The hereditary aspect of twinning. Heredity control of multiple births 
in mammals has been proved amply in sheep, goats and other animals. In 


TABLE 7 


Comparison of inbreeding with twinning 


Coefficient No. of No. of No. of % of 
of inbreeding cows parturitions} twin births | twin births 


Group 


0.00 55 116 1.72 
0.01-0.04 92 291 10 3.44 
0.05-0.09 21 67 0 0.0 

0.10-0.14 36 87 4 4.60 

0.15-0.19 29 73 7 . 9.59 

1 
1 
1 


0.20-0.24 9 16 6.25 
0.25-0.29 4.55 
8 0.30-0.39 12.50 
Total | 255 680 26 3.82 


dairy cows this proof is attained only with difficulty, because its rela- 
tively rare appearance and its dependence upon the dam’s age frequently 
hide the presence of this character. The small number of offspring in 
dairy cows and, possibly, environmental influences upon twinning con- 
tribute to the difficulties. Statistical investigation of the problem would 
necessitate large numbers of reliable and complete records such as those 
accumulated in herd book organizations. Unfortunately, these generally 
lack completeness, because only promising offspring are reported. An 
alternative, used in the present study, is the investigation of individuals 
and family groups in large herds where complete records are kept over 
long periods. 

In table 8 the occurrence of twin births by parturition numbers is 
summarized for the members of 21 cow families which make up over 90 
per cent of the present herd. Cows of ten of these families never had any 
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twins recorded. In the remaining 11 families the rate of twin parturi- 
tions ranged from 2.63 to 18.18 per cent. 

In table 9 the twin parturitions of the daughters of 19 sires are pre- 
sented. These daughters are, for the most part, the same cows represented 
in the cow families listed in table 8. In grouping these cows according 
to their sires, it was found that nine sires did not have any daughters with 
twin births. The remaining ten sires had one or more daughters which 
gave birth to twins. On the basis of all parturitions of the daughters of 


TABLE 8 


Occurrence of twins by cow families 


Cow family No. of No. of 
parturitions twin pairs 


to 
bo 


these individual sires, the ten daughter groups varied from 2.27 to 14.29 
per cent in twin births. 

This variation in both groups might be attributed to three sources, 
namely, pure chance, environment, and the genetic twinning disposition of 
sires and dams. The emerging combination of the daughters’ germ plasm 
founded upon the physical basis of heredity was the determining principle 
of this disposition. Environmental factors such as feeding and management 
probably were of very minor influence. Hormonal therapy, though of con- 
siderable importance in twinning, as shown by Hammond and Bhattach- 


Jo of 
twin pairs 
20 0.0 
15 17 | 5.88 
20 18 | 0.0 
37 23 4.35 
61 66 | 9.09 
64 22 18.18 
66 | 48 | 4.17 
68 20 | 0.0 
69 | 21 4.76 
75 14 | 0.0 
78 20 | 5.00 
80 26 | 0.0 
82 34 | 5.88 
91 7 0.0 
92 38 2.63 
93 24 4.17 
95 17 0.0 
; 96 14 14.29 
97 15 0.0 
100 13 0.0 _ 
; 103 25 0.0 
Total 502 = 4.38 
( 
Xt 
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arya (6), was of no consequence in this herd. With the generally low per- 
centage of twin births, the expression of the disposition was very uncertain 
and the chance factor could not be discounted. 

By means of genealogical diagrams of cow families that have had a 
relatively high number of twin births it can be senengieaies that the dis- 
position for twinning is inherited. 

Figure 1 is a genealogical diagram of cow family 61. It is arranged 
with the foundation cow on top, her female progeny following down the 


TABLE 9 


Occurrence of ‘twins by sires’ daughters 


Sire | Pen Ae ; No. of No. of % of 
no twin pairs twin pairs 
A 6 20 0 0.0 
B 4 10 0 0.0 
c | 13 | 44 1 2.27 
D 4 10 | 0 0.0 
E 19 | 62 3 4.84 
F 41 1 2.44 
H 3 . 1 12.50 
I 18 68 | 3 4.41 
L 6 21 0 0.0 
N 15 41 2 4.88 
re) 27 | 77 | 7 9.09 
R 4 5 0 0.0 
T 32 80 2 2.50 
U 18 | 35 | 2 5.71 
Vv 7 10 0 0.0 
Ww 5 0 0.0 
x 6 14 2 14.29 
D-1 3 8 0 0.0 
F-1 3 4 0 0.0 
Total 201 569 24 4.22 


line, generation by generation. The individual offspring is designated by 
herd number. After the cow’s number is given in parentheses the num- 
ber of her twin parturitions, if any. For the younger offspring alive in 
the herd at this writing, the letter P for prospect was added. Animals 
that are twins themselves are so designated by numbers in bold-face type. 
Below the female’s identification number is ascribed the sire’s identifica- 
tion, generally by a letter or letter with number. Beyond that, separated 
by a dash, the percentage of twin births of the sire’s — is given as 


. | far as it is known. 
The figure illustrates how the transmission of the Mnbaalioes for twin- 
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ning may work out in a relatively large cow family. Foundation cow 61, 
herself a twin, was sired by bull C, whose daughters born in the herd 
showed only 2.3 per cent twinning. Cow 61 had five daughters with repro- 
duction records. They were sired by three different bulls, making three 
of them full sisters by sire Z, whose daughters averaged 4.8 per cent twin 
births. Their records and especially those of the three full sisters suggest 
strongly a segregation in the Mendelian ratio. Two of the three full sisters, 
namely nos. 67 and 294, started progeny lines of their own. Neither of 
these lines exhibited any twinning. The third full sister, no. 256, produced 
one pair of twins in her second parturition. Unfortunately, she did not 
leave any progeny in the herd. Her early expression of the twinning 
character suggests, however, that she was highly predisposed to it. 


67 208 294 
5 


330 

308 - 260(1) 9(1) 306 (1) 508 P 530P 


° o- T-2. 


< 


< 


vi 


Fie. 1. Diagram of cow family 61 showing the extent and distribution of twin 
births, which amount to 9.09 per cent of all observed parturitions. For explanations 


of the diagram see text. ‘ 


Daughter no. 208, which was sired by a bull designated M. B. and for 
which no twinning record could be established because of lack of daughters 
in the herd, started the longest line of progeny. Though no. 208 herself 
revealed no twinning disposition, her progeny visibly exhibited it to an 
extreme degree. Every one of her three daughters gave birth to 
one pair of twins. In turn, their progeny (generation IV) again suggest 
that Mendelian segregation might have been at work. The animals listed 
under generations V and VI are too young at present to allow any con- 
clusion. 

The fifth daughter, no. 330, of foundation cow 61 was sired by bull O, 
which was by progeny test a highly predisposed animal: Cow 330 calved - 
only twice in the herd and produced single bull calves. Her disposition 
for twinning, therefore, never will be ascertained. 
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A similar investigation was made on cow family 64; her genealogy is 
diagrammed in figure 2. Family 64 was relatively small. Over a period 
covering five generations, this family was just about holding its own. In | 
respect to twinning, this family’s record, amounting to 18.18 per cent, was 
higher than that for any other cow family observed. The distribution of 
twin births extended over only three generations. The foundation cow did 
not visibly express any twinning disposition and the descendants in 
the fifth generation were too young to show any. A segregation into un- 
usually predisposed and undisposed lines was hinted in this family, a fea- 
ture closely resembling that of family 61. 


1 64 
C- 223 

NH 202 (1) 287 
2 $.0.- F-2.4 
oll 277 400 401 70 
lJ I-4,4 R-0.0 R-0.0 O-9.! 
Zz 
w 
| 

362 (2) 

o-9.1 
594 P 


NI- Mi- Mi- 
Fig. 2. Diagram of cow family 64 showing the extent and distribution of twin 
births, which amount to 18.18 per cent of all observed parturitions. For explanations 
of the diagram see text. 


In both families virtually the same bulls appear as sires to the progeny. 
Sire O, with:a high average twinning rate, is especially conspicuous as a 
sire of twin dams; so also is sire J, with a relatively low average rate. Both 
these sires are inbred to bull C, which is also the sire of both foundation 
cows. Sires E and F, both outbreds, are conspicuously present in the non- 
predisposed lines. 

Obviously, the low frequency of twin births does not warrant definite 
conclusions with respect to the mode of transmission of twinning. The 
continued use of inbred sons and grandsons of bull C for several genera- 
tions in suecession and with it a concentration of certain genes of this bull 
-suggest the possibility that he carried genes which foster twinning. In 
addition, it is observed that other inbred sons and grandsons of the same 
bnll, as sires T and R, have very low rates for twinning. It should be 
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recalled that almost half of the cow families and half of the sires never | 
showed any tendency for twinning. All of these observaticns point 
strongly to the conclusion that twinning in dairy cows is influenced 
chiefly by heredity yet expresses itself differently with age. The mode of 
transmission could well be understood by the assumption that twinning 
is under the control of a small number of autosomal genes which express 
themselves incompletely. The transmission seems to be recessive in char- 

acter, with gene interactions or modifications. 


DISCUSSION AND CONCLUSIONS 


The observation made in this investigation that twinning is rare in the 
first parturition, rises to a peak in the fifth, sixth, and seventh parturi- 
tions, and then decreases with advancing age harmonizes closely with ‘the 
general cycle of fecundity in most multiparous mammals. From this 
observation alone it is most probable that twinning is an expression of 
fecundity or the potential reproductive capacity of a dairy cow. However, 
if dairy cows are considered as strictly uniparous animals, and they should 
be so considered according to the structural development of their repro- 
ductive tract, twinning could be regarded as cases of reversion or atavism. 

Evidence was presented that twinning is chiefly controlled by heredity. 
The effect of environment seems to be of very minor importance. The 
mode of transmission of the twinning character in dairy cattle is obscured 
by its relatively rare and incomplete expression, its sex-limited and age- 
limited appearance, and the small number of offspring inherent in cattle. 
The factual manifestations of transmission in two cow families over a 
number of generations provided impressive indications that twinning 
exhibits Mendelian segregation and seems to be under the control of a small 
number of genes. The character of twinning should be recessive with gene 
interactions or modifications. By making use of these findings it is 
feasible that in practical breeding operations twinning in dairy cattle could 
be influenced considerably in either direction. 

The question then arises as to whether twinning is a desirable char- 
acter in dairy cattle. If the available data all are accepted at their face 
‘value, twinning is associated with the increased production of calves by 
sheer numbers; if this fact is scrutinized from the actual reproducing 
value of the female line, the contrary is the case. Of the theoretical twin 
sex-ratio, 1 dg :2 JQ :1 99, for all practical purposes only the female 
pairs are suitable for reproduction in the direct female lines. Theoreti- 

. cally, the number of these female twins would just be equal to the number 
of single females. Since twin calves have a higher mortality rate at birth 
and, apparently, a lower vitality throughout life than single calves, the 
real fact is that twinning has a harmful effect on the continuity of the 
female lines. 
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If the face value of data favoring the association of twinning with 
longevity is examined closely, the degree of association diminishes consid- 
erably. Twin births occur generally late in life, increase with advancing 
age, and are incomplete in appearance. If every animal in a group is 
expected to show this character, almost all the animals of this group have 
undergone an intense selection with respect ‘to age. Therefore, almost any 
comparison of twinning in regard to age is of very questionable reliability. 

Definite disadvantages of twin births include shortened gestation per- 
iods, greater parturition difficulties with subsequent increases in retained 
placentae, decreased conception rate, lower breeding efficiency, and in- 


creased sterility. 
In summarizing all these factors, there is no doubt that twinning 


definitely is an undesirable character in dairy cattle, and efforts should be 
made to reduce its appearance by proper breeding methods and selection. 
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A STUDY OF THE BROWNING REACTION IN WHOLE 
MILK POWDER AND ICE CREAM MIX POWDER'* 


N. P. TARASSUK anp E. L. JACK 
Division of Dairy Industry, University of California, Davis 


The development of a brown color during storage is an index of deter- 
ioration in many foods. Browning during storage usually is not observed 
in commercial dry milk, but some observations on milk powders prepared 
_ for other purposes led to the consideration that incipient browning might 
be related to the development of stale and oxidized flavors in milk powder. 
Consequently, it seemed advisable to investigate the factors contributing 
to browning and the possible relationship to other deteriorative changes in 
milk powder. 


REVIEW OF LITERATURE 


The literature on the browning reaction in foods is voluminous. Excel- 
lent reviews of literature on darkening of various foods and fundamental 
aspects of the browning reaction have been presented in project reports, 
Committee on Food Research, QMC, in the last two years. The literature on 
browning reaction in dairy products has been reviewed recently by Sharp 
and Stewart (11). The browning in dairy products, similar to other foods, 
is attributed to two possible reactions: the caramelization of lactose and 
a Maillard-type reaction between lactose and milk proteins leading to forma- 
tion of amino-sugar compounds. Webb (12) believes that a lactose-amino 
combination may account for much of the browning of autoclaved milk, 
with caramelization of lactose by phosphates as a contributing factor. 
Regardless of the mechanism of the reaction, the intensity of browning 
produced in milk is known to be influenced by certain factors, namely; the 
pH of milk (9, 13), lactose concentration (6, 9, 11), and temperature and 
time of heating (9, 13). The major chemical change in milk related to the 
browning reaction is a partial conversion of lactose into acids (7, 14). The 
acids produced are mainly lactic and formic (3, 7). Kometiani (7) could 
not account for the total increase in acidity in trowning as derived from 
lactose. He attributed part of the increase in acidity to an increase in free 
carboxyl groups in the casein molecule. 

The published information on browning of dry milk products is limited 
to the study of Doob e¢ al. (2) on browning of dried whey and skim milk. 
Both products were roll-dried and none of the samples studied was gas- 
packed. The browning of these products was affected chiefly by moisture 
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content, temperature, and time of storage. According to the authors, 
browning is markedly accelerated at temperatures above 30° C.; however, 
even at 50° C. browning could be inhibited by low moisture content. An 
inerease in titratable acidity and a decrease in pH accompanied browning 
of dried whey and skim milk. 


EXPERIMENTAL PROCEDURE 


All powders of whole milk and ice cream mix used in this study were 
made by the spray process under standard commercial conditions of proc-- 
essing. Ice cream mix powder was prepared in a commercial plant with a 
Rogers-type drier. Whole milk powder was prepared in a commercial 
experimental plant equipped with Mojonnier stainless steel processing 
equipment and Mojonnier drier. All samples were packed and stored in 
1-lb. tin cans unless otherwise specified. Gassing of samples refers to evacu- 
ation and gassing with nitrogen. Gas analysis was made according to 
procedure of Peters and Van Slyke (8) with a Haldane gas apparatus. The 
pressure of gas in cans was taken at 22-24° C. with an attached gas appara- 
tus manometer built for this purpose. The degree of browning (except for 
the first experiment) was measured by visual comparison of the sample with 
a set of dry powder standards, the procedure developed by Doob e¢ al. 
(2). These standards are made up of mixtures of potassium chromate, 
ferric oxide, Norrit and sodium chloride to give colors ranging from white 
to medium brown in 14 divisions and numbered from 0 for the white to 13 
for the darkest standard. Ascorbic acid and total reducing substances were 
determined by indophenol titration, as described by Sharp (10) and modi- 
fied by Doan and Josephson (1). In one experiment the reducing sub- 
stances were determined also by a modified Chapman method and ex- 
pressed in terms of ferricyanide values. Moisture was determined by the 
toluol-distillation method, and the solubility index by the method recom- 
mended by the American Dry Milk Institute. The QMC score card of 1 to 
15 was used in assigning the numerical value of the organoleptic score. 


EXPERIMENTAL RESULTS 


Experiment I. Effect of high humidity on browning of milk powder. 
In this experiment, samples of freshly prepared whole-milk powder were 
vacuum-packed in special laminated packages, shown by previous experi- 
ments to be water-vapor permeable but supposedly not air permeable.2 The 
vacuum-packed samples were placed in a wet incubator at 95 per cent 
relative humidity and the thermostat set at 40° C: During the experiment 
the thermostat stuck and the temperature rose to 45° C. or more. This 


*The authors are indebted to Mr. W. C. Cole and Mr. E. S. Chase, Research Labora- 
tory, Arden Farms, Los Angeles, for their valuable contribution in securing the data 
of Experiments I and II. 
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increase in temperature undoubtedly accelerated the changes under consid- 
eration but did not destroy the value of the experiment. Samples were 
withdrawn at intervals from the incubator for testing. Results of these 
tests are presented in table 1. 

Storage of whole milk powder under high relative humidity at 40 to 
45° C. led to a rapid browning of samples. The browning was accompanied 
by a decrease in vitamin C, decrease in solubility, and increase in ferri- 
cyanide value. With the increase of moisture in powder, there was a devel- 
opment of mild stale flavor at first; but as browning appeared and 
developed, the stale flavor either decreased or was masked by a burned or 
caramelized flavor. 

Experiment II. The effect of moisture content of powder on the rate 
of browning. The effect of moisture content of powder on the rate of 
browning also is brought out by the data of Experiment II. In this experi- 
ment, samples were prepared to contain approximately 4 per cent and 7 
per cent moisture by adding water drop by drop from a pipette to milk 
powder as it was stirred in a Hamilton Beach Mixer. The prepared samples 
were packed: (a) in air, using pint mayonnaise jars, and (b) vacuum- 
packed (vacuum of 28 inches) in special vacuum-holding laminated 
packages. Samples were stored in an incubator at 45° C. Subsequent analy- 
ses showed that within the same moisture group of samples, there was a 
variation, in the moisture up to 0.9 per cent. The vacuum-packed samples 
lost some moisture as the result of subjecting the samples to vacuum treat- 
ment. The data on browning and reducing groups (ferricyanide value) 
of the samples are presented in table 2. At 4 per cent moisture and storage 
at 45° C. there was no significant change in color on storage for 26 days. 
Samples containing 7 per cent moisture darkened significantly within the 
first 2 weeks of storage. Air-packed powder showed no consistent and sig- 
nificant difference in the degree of browning as compared with the same 
powder vacuum-packed at the levels of moisture tested. 

The solubility index was run on the samples after 2 and 3 days of 
ineubation. By then, the high-mojsture samples were very insoluble, and 
continuation of the tests seemed unnecessary. 

Experiment III. Gas changes during browning of whole milk powder. 
Early observations on browning of some ice cream mix powder samples 
packed under air and under 3 per cent of oxygen indicated that the brown- 
ing was retarded in gas-packed samples. In one case, ungassed ice cream 
mix powder on storage at 45° C. for 3 months was dark brown and the same 
product gassed was only very slightly discolored. These samples originally 
were below 2 per cent in moisture but were badly contaminated with iron, 
which might explain why browning took place at that level of moisture in — 
powder. Other samples of powder, free from iron contamination and with 


Xl 


08 < o'se Ly 06°L 89°L 
OIL prey 00°2 Ystumoig’ OL 
ST Lit 06°T umoiq “IS 0°6 
(%) (44) 


4opmod ynw fo Buyumosqg wo sayvjes sapun fo 
Tt 


| 
4 


— AF 
— 


ce ST ST 60 OT 9 
00°8 03°6 06°0 GB 60 60 OT 
09°0 6T 60 ST 60 OT 3 
(shop) 
AL VL Av AL VL Av AL VL At VP oS 
dapmod ynw fo uo ainssaud aunysiow fo 
‘ 


260 N. P. TARASSUK AND E. L. JACK 


moisture content of 2.5 per cent or lower, did not show any discoloration. 
on storage at 44-45° C. for over 1 year. It is probable that iron accelerates 
browning in milk powder, as it has been shown to do in orange juice (5) 

and in lemonade and orangeade powders (4). This acceleration of browning 
does not explain the difference, however, in degree of browning in gassed 
and ungassed samples, unless removal of oxygen inhibits browning as in 
the case of orange juice (5). The data of Experiment II in this report 
show clearly that in samples of powder of high moisture content the degree 
of browning was not affected significantly by a partial removal of oxygen. 

In Experiment III the samples of whole-milk powder were prepared 
to contain approximately 7, 4, and 2 per cent of moisture. This was accomp- 
lished by placing freshly prepared powder at 2 per cent moisture in a 
special stainless steel chamber of high relative humidity. The powder in 
this chamber was mixed frequently, and incorporation of moisture up to 7 
per cent was accomplished in 44 hours. The samples at each level of mois- 
ture content were packed under three levels of oxygen, that of 21 per cent, 
about 10 per cent, and less than 2 per cent by packing, respectively, in air, 
with single gassing and double gassing. All samples were packed to contain 
14 oz. of powder. The free-space gas volume, as calculated from gas pres- 
sures at 23° C., was 495+10 ml. 

All samples were stored at 40° C. After 5 months of storage, the samples 
of 2 per cent and 4 per cent moisture failed to show a significant discolora- 
tion at 40° C. and were placed in the incubator at 60° C. for further 
storage. The data on browning, uptake of oxygen, production of carbon 
dioxide, and changes in moisture and flavor are presented in tables 3, 4, 
and 5 for powders of 7, 4 and 2 per cent, numbered as series 29II, 291 and 
29, respectively. The partial pressure values for carbon dioxide and oxygen 
were calculated by converting per cent of gas on wet basis to%fer cent on a 
dry basis and multiplying this figure by total pressure on a dry basis. 

Figures 1 and 2 show the rate of browning and gas changes during 
browning of high-moisture powder. The relationship between degree of 
browning and carbon dioxide production in powder of 2 per cent moisture 
packed under various levels of oxygen is shown in figure 3. 

The data on browning and other changes of ice cream mix powder 
stored at 20, 37 and 45° C. are given in table 6. This powder had no added 
sugar and contained 53.55 per cent fat. The powder had 0.04 per cent 
tannic acid added as an antioxidant during the processing of the mix. 


DISCUSSION 


The conditions under which dry milk and ice cream mix powder under- 
go darkening or browning as a result of aging are apparent from the data 
presented. The browning of powder is a function of its moisture content 
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and temperature of storage. Other factors, such as contamination with iron 
and possibly copper, certain added polyphenol compounds as antioxidants, 
and possibly vanillin in ice cream mix powder, may accelerate the rate of 
browning, but these factors are of comparatively minor importance in their 
relation to the browning of powder. 

In general, the browning of powder is accompanied by: (a) production 
of carbon dioxide, (b) uptake of oxygen, (c) increase in reducing groups, 
(d) very marked decrease in solubility, (e) increase in titratable acidity, 
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Fic. 3. Relationship between degree of browning and carbon dioxide production 
in whole milk powder of 2% moisture (Series 29). 


and (f) development of caramelized flavor. In the advanced stages of 
browning there is also an increase in moisture content of powder. There 
was little, if any, increase in moisture in powder of 7 per cent moisture as 
compared to the same powder of lower moisture content. 

In powder of 7 per cent moisture stored at 40° C., noticeable discolor- 
ation of powder takes place within a few days. On storage for a month, the 
powder becomes distinctly brown, with the appearance of caramelized 
flavor. At this time the oxygen practically is all gone and the partial pres- 
sure of carbon dioxide is increased to about 30 mm. under the conditions 
described. After the oxygen is gone, the browning and production of carbon 
dioxide continue but at slower rates. 

In powders of 4 per cent and 7 per cent moisture content, storage at a 


= 
/ 
| 
4 
/ 
} 


BROWNING OF MILK POWDER 267 


partial pressure of oxygen below 7 mm. (less than 1 per cent) did not 
retard the rate of browning. In fact, the samples packed under less than 2 
per cent of oxygen have shown greater darkening than air-packed samples 
(see table 3 and fig. 1). 

The browning of powder of 2 per cent saleiaiites or less seemingly was 
retarded by packing the powder at the level of about 2 per cent of oxygen 
(see fig. 3 and table 6). It is possible that the retarding effect was due, at 
least partially, to a lower moisture content of gas-packed samples resulting 
from the vacuum treatment in the process of gassing. 

It is evident from the data of tables 1, 4, 5 and 6 that both dry milk 
and ice cream mix powder of a moisture content below 4 per cent and stored 
at 40° C. or lower do not darken or brown in storage. Other samples of 
dry milk and ice cream mix powder of less than 3 per cent moisture have 
been stored at 40 and at 30° C. for over 2 years without showing any notice- 
able discoloration. 

. The usual deterioration in flavor of dry milk and ice cream mix powder 
in storage is independent of browning. Under the conditions of high avail- 
able oxygen, as in the case of air-packed powder and storage at 40° C., the 
stale and oxidized flavor will develop with no browning at all. The same is 
true for a storage of powder at room temperature for a long period of time. 
The caramelized flavor is the only flavor that is produced by browning, and 
its intensity parallels the degree of browning. Caramelized flavor in gassed 
samples is a typical flavor of caramel. The development of stale or oxidized 
flavor apparently ceases when browning begins. There is no evidence that 
stale or oxidized flavors which have developed prior to browning disappear 
as browning progresses. These flavors merely are reduced or covered up 
when caramelized flavor appears. 


SUMMARY 


The conditions with respect to moisture content of powder, temper- 
ature of storage, and level of oxygen in gas-free space of container, as they 
may affect the browning of dry milk and ice cream mix powder as a result 
of aging, are given. The changes accompanying the browning, such as pro- 
duction of carbon dioxide, uptake of oxygen, increase in reducing groups, 
decrease in solubility and development of caramelized flavor, have been 
studied, and the extent of these changes in relation to the degree of brown- 
ing is presented. 

The darkening or browning of dry milk and ice cream mix powder, 
unlike some other dehydrated foods, is not related to the usual storage 
deterioration in flavor. The most common defective storage flavors of dry 
milk are the stale and the oxidized flavors. The development of these flavors 
in milk and ice cream mix powder is not the result of incipient browning. 
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In fact, it appears that the products of browning reaction inhibit the 
development of these flavors. Browning is accompanied by a development 
of a specific flavor, a caramelized flavor. 

The browning does not take place in dry milk or ice cream mix powder 
when the above products are stored at 4C° C. or lower if their moisture 
content is below 4 per cent. . 
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IRON AND COPPER CONTENT OF NON-MILK PRODUCTS 
COMMONLY USED IN ICE CREAM 


HARRY PYENSON anp P. H. TRACY 
Department of Food Technology, University of Illinois, Urbana 


There is a lack of information on the iron and copper content of the 
non-dairy ingredients that commonly are used in conjunction with dairy 
products in the manufacture of ice cream. These materials include such 
products as stabilizers, emulsifying agents, sugar, cocoas, vanillas, chocolate 
liquors and coatings, and flavoring extracts. It is possible that one or more 
of these ingredients may contain enough copper or iron to accelerate the 
development of off-flavors of the oxidative type. Such metal contamination 
would be particularly important in the manufacture of. dried ice cream 
mix that may be stored 6 to 12 months before using. 

It was thought advisable, therefore, to study the iron and copper 
content of the previously mentioned materials. Accordingly, 74 samples of 
commercial non-dairy products commonly used in ice cream were analyzed. 
The iron content was determined by the method of Pyenson and Tracy (5) 
and the copper analyses were made by the method of Hetrick and Tracy (4). 


EXPERIMENTAL RESULTS 

The iron and copper content of stabilizers and sugars. Eighteen 
samples of stabilizers, gums, emulsifying agents, and sugars were analyzed 
for iron and copper. Magnesium nitrate (1) was added to Kragel,' sodium 
alginate, Irish moss, Vestirine and Gelox after carbonization to aid in the 
ashing. Two milliliters of a saturated solution of magnesium nitrate added 
after carbonization was found satisfactory to give a white, soluble ash. The 
results of the analyses are given in table 1. 

All stabilizers except Gelox contained considerable amounts of iron. 
Irish moss contained 0.219 per cent of iron, which would be considered 
more than a trace amount. The emulsifying agents contained from 1 to 
59 p.p.m. of iron. Egg yolk, which is sometimes used in ice cream as an 
emulsifying agent, contained 59 p.p.m. of iron. The sugars analyzed 
contained only small amounts of iron. 

The copper content, of the stabilizers varied from 0.92 to 10.0 p.p.m. 
Irish moss, locust bean gum, Kragel, and sodium alginate contained the 
most copper of the ten stabilizers analyzed. Glycerol monostearate did 
not contain any copper and Mixacoid contained practically none. Na-Pe-Co 
and egg yolk contained 2.85 and 3.35 p.p.m., respectively, of copper. Su- 

Reeeived for publication December 3, 1947. 
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crose, dextrose, and ape corn sirup were found to contain less 
than 1 p.p.m. 

The tron and copper content of American and Dutch process cocoas. 
The-iron and copper contents of 17 samples of cocoa from five different 
manufacturers were determined (table 2). Of these samples, 13 had been 
treated with alkali (Dutch process) and four were untreated (American 
process). 

The iron values for the American process cocoas varied from 73 to 
119 p.p.m., with an average for the four cocoas of 92 p.p.m. In the Dutch 


TABLE 1 
The iron and copper content of some stabilizers, emulsifying agents and sugars 
Sample no. Tron Copper 
(p.p.m. _p.m. 
Stabilizers 
1 Gelatin (275 Bloom-pigskin) 14.8 2.21 
2 Gelatin (125 Bloom-ealfskin) 9.0 | 2.56 
3 Gelox 1.2 | 2.0 
4 | Vestirine 28.0 1.75 
5 | Kragel 61.0 9.0 
6 | Sodium alginate 97.0 6.25 
7 Irish moss 2190.0 10.0 
8 Locust bean gum 16.4 9.0 
9 Gum oat 47.6 | 5.4 
10 Kataya gum 26.4 | 0.92 
Emulsifying agents 
11 Na-Pe-Co 19.4 2.85 
12 Mixacoid 1.0 0.25 
13 Glycerol monostearate 2.0 | 0.00 
14 Egg yolk 59.0 3.35 
Sugars 
15 Sucrose, lot no. 1 0.9 0.15 
16 Sucrose, lot no. 2 1.2 0.20 
17 Dextrose 0.4 0.40 
18 Enzyme-converted corn sirup 1.1 0.70 


process cocoas the iron content averaged 117 p.p.m., with only three of 
them having an iron content under 100 p.p.m. Eight of the samples had 
an iron content between 110 and 149 p.p.m. There is some evidence that 
Dutch process cocoa contains more iron than American process cocoa, 
especially when compuriuans are made between the two cocoas from the 
same manufacturer. 

Dahlberg (2) found that a greenish-black discoloration of chocolate 
ice cream was caused by ferric tannate and that the cocoas that had a 
slightly alkaline pH value (Dutch process) were the only ones that pro- 
duced the defect. The results of the present study suggest that the greater 
iron content of the Dutch processed product also may be a factor. 
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TABLE 2 
The iron and copper content, of American and Dutch process cocoas 
Sample no. Process Tron Copper 
(p.p.m.) (p.p.m.) 
Brand A 
1 Dutch 7 94.5 20.6 
2 American 73.0 21.0 
3 Dutch 136.7 21.0 
4 Dutch 142.7 21.2 
5 American 84.7 20.6 
6 Dutch ; 134.0 - 20.6 
7 Dutch 134.0 21.0 
Brand B 
8 Dutch 149.0 - 22.2 
9 American 119.0 23.4 
‘10 Duteh 120.5 24.0 
11 Dutch 141.0 21.6 
Brand C 
12 American 92.0 22.4 
13 Dutch 110.0 23.5 
14 Dutch 108.0 23.6 
15 Dutch 105.0 31.2 
Brand D 
16 Dutch 69.0 27.3 
Brand E 
17 Dutch 75.0 28.3 


The copper content of the samples varied from 20.6 to 31.2 p.p.m. 
American and Dutch process cocoas gave about the same copper values. 
The copper content of cocoas was more uniform than the iron content. 

The iron and copper content of chocolate liquors and coating. Seven 
samples of chocolate liquor and one sample of milk coating were analyzed 
for copper and iron. The results are given in table 3. 

Like cocoas, chocolate liquors and coating contain considerable quan- 
tities of iron and copper. The iron content of chocolate liquors and coating 
varied from 14 to 105 p.p.m., and the copper varied from 2.3 to 27 p.p.m. 


TABLE 3 
The iron and copper content of chocolate liquor and coating 
Sample no. Brand Iron Copper 
(p.p.m.) (p.p.m.) 
A 100.8 20.0 
2 A (Milk coating) 14.0 J 2.3 
3 B 59.0 14:9 
+ B 71.0 15.5 
5 Cc 104.5 27.0 
6 D 103.0 24.8 
7 E 105.0 18.9 
8 F 19.4 9.8 
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The iron and copper content of flavoring. Twenty-two vanillas ob- 
tained from nine manufacturers were analyzed for iron and copper. The 
results are listed in table 4. 

The three samples of powdered vanillas were uniformly low in iron 
and contained less than 2 p.p.m. copper. Powdered vanillas are made by 
grinding vanilla beans and combining the ground beans with a carrier like 


TABLE 4 
The iron and copper content of vanillas 
Sample no. Brand | Tron Copper 
(p-p.m.) (p.p.m.) 


Powdered vanillas 


Coneentrated vanillas 


Vanilla extracts 


E | 44 15.5 
A 33.6 19.5 
D 0.8 4.9 
B - 1.5 2.2 
E 0.6 | 2.7 
F | 7.8 3.75 
E 1.9 9.30 


Imitation or partially imitation vanillas 


sucrose or glucose. The vanilla bean as it exists in nature appears to be 
relatively low in iron and copper. 

The concentrated vanillas studied were found to have a rather high 
iron and copper content. The iron content of single strength vanilla ex- 
tracts varied from 0.6 to 33.6 p.p.m. Five out of the seven samples had 
an iron content under 4.4 p.p.m. The copper content also varied consider- 
ably; the minimum was 2.2 p.p.m. and the maximum 19.5 p.p.m. 

The iron content of the imitation or partially imitation vanillas varied 
from 3 to 58 p.p.m. and the copper content from 1.2 to 15.5 p.p.m. Repre- 
sented in this lot were six samples from five different manufacturers. 


1 | 4.8 | 1.35 
2 | | | 4.0 | 1.90 
— | 1.4 | 0.45 
4 | 59.0 | 9.45 
5 58.4 4.95 
, 6 43.8 36.5 
| 7 | 32.6 43 
8 2.0 9.5 
9 | 4.0 10.5 
| 
| 12 
14 | 
15 
16 | 
17 | 58.0 3.2 
18 46.0 7.75 
19 | 4.4 3.7 
20 5.3 3.25 
a 21 | 3.0 12 
| 22 44 15.5 
i 
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The iron and copper content of fruit flavors and extracts. Most of the 
samples of fruit flavors and extracts analyzed (table 5) contained less than 
5 p.p.m. of iron. Six out of the nine samples contained less than 5 p.p.m. 
of copper. Lime flavor, black raspberry concentrate and strawberry flavor 
were comparatively high in copper content. 


TABLE 5 


The iron and copper content of some fruit flavors and extracts 


Sample no. Copper 


“p.m. 
Brand A (pee) 
Orange emulsion cone. F 0.25 
Lemon emulsion cone. 


Brand B 
Black raspberry natural 
flavor cone. 
Imitation pineapple flavor 
Strawberry flavor 
Peach flavor cone. 
Lime flavor 
Pistachio imitation cone, . 
Imitation banana 


DISCUSSION 


The determination of copper by the direct carbamate method used in 
this study does not entirely eliminate the interference of nickel. Nickel 
exhibits maximum absorption at a wave length of 385 my, while copper 
exhibits maximum absorption at a wave length of 440 mp. Hetrick and 
Tracy (4) state that when 5y of nickel are added to 5y of copper, the 
error is +0.6y. Studies in the wave length at which maximum absorp- 
tion occurs of the materials reported in this paper indicate that there 
was little, if any, nickel present. 

The non-dairy products individually would produce only insignificant 
increases in the iron and copper content of ice cream. The Irish moss 
sample studied would be an exception, as it contained over 0.2 per cent 
iron. While the copper and iron content of the milk-product ingredients 
ordinarily would have a major bearing on the iron and copper content of 
the finished ice cream, the total added by non-milk products could be of 

-such quantity as to be an important factor in the development of oxidized 
flavors. 
Observations by Dahle and Folkers (3) and Tracy et al. (7) have shown 
that ice creams containing small amounts of fruit such as strawberries 
and pineapple develop a stale and/or oxidized flavor sooner than does 
vanilla ice eream. These authors believe that the off-flavor is due to the 
presence of copper and the acid of the fruit. Dahle and Folkers (3) state 


1 
2 
3 
18.6 6.9 
4 3.9 0.45 
5 5.6 5.05 
6 1.3 2.25 
7 1.2 | 11.25 . 
8 0.5 4.05 
9 1.0 | 0.65 
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that if the amount of copper in the mix equaled 1.3 p.p.m., the off-flavor 
always developed. Tracy et al. (7) state that in order to prevent the de- 
velopment of a stale metallic flavor in strawberry ice cream, the elimination 
of copper contamination is necessary. Other fruits found to accelerate 
the reaction responsible for the off-flavor were oranges and lemons. The 
copper content of any of the non-dairy products studied conceivably could 
be a factor in accelerating the development of the oxidized flavor, especially 
if used in strawberry, pineapple, orange and lemon ice creams. 

The vanilla-sample no. 4 in table 4 has been shown to have anti- 
oxygenic properties (6) although it contains relatively large amounts of 
iron and copper, indicating that a substance may be relatively high in 
iron and copper and still have antioxygenie properties. 


CONCLUSIONS 


Stabilizers, cocoas, chocolate liquors, sugars, vanillas and fruit extracts 
were found to contain iron and copper. The copper and iron present in 
some of these products is thought to be significant from the standpoint of 
possible cumulative effect in hastening fat oxidation and the development 
of off-flavor in ice cream. 
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THE DEVELOPMENT OF FLAVOR IN AMERICAN CHEDDAR 
CHEESE MADE: FROM PASTEURIZED MILK WITH 
STREPTOCOCCUS FAECALIS STARTER* 


A. C. DAHLBERG anp F. V. KOSIKOWSKY 
Department of Dairy Industry, Cornell University, 
Ithaca, New York 


This report is the first of several papers dealing with the develop- 
ment of a higher flavor in pasteurized-milk American Cheddar checse. 
Cheddar cheese is made by a process that gives a long period for con+ 
trolled lactic acid fermentation during manufacture. Most investigators 
have found that commercial lactic starters, chiefly Streptococcus lactis 
and Streptococcus cremoris, affect acidity without otherwise greatly af- 
fecting curing. As these starters in active growing condition are very 
important in both cheese manufacture and curing, it is obvious that proper 
acidity is very important in curing cheese. With the exception of some 
inoculations of certain lactobacilli, there have been no bacteria found that 
have aided in the development of good Cheddar cheese flavor. Further- 
more, added enzymes, particularly lipases and proteinases, have not 
given very promising results. 

In 1941 Wilson et al. (8) compared curing temperatures of 40, 50, 
and 60° F. They found 40° F. to be best for cheese made from poor milk, 
but 50° F. was preferred for cheese made from pasteurized milk of good 
quality. The type of curing was rather uncertain at 60° F. About this 
same time Dahlberg and Marquardt (2) showed that cheese made from 
either raw or pasteurized milk of excellent sanitary quality and ripened 
in vacuum in tin cans uniformly failed to develop Cheddar flavor in a year 
at 40° F., whereas some Cheddar flavor developed in 4 months at 50° F. 
and in 2 months at 60° F. In this study cheese made from raw or pas- 
teurized milk of low bacterial count developed flavor uniformly ; hence, it is 
evident that the effect of pasteurization of milk in slowing the curing of 
cheese is due chiefly to destruction of bacteria rather than the - milk 
enzymes, and that this effect may be overcome in part by higher curing 
temperatures. The evidence indicates that thermoduric bacteria are a 
factor in cheese curing or that the pasteurized milk was recontaminated. 

Consideration of the problem indicated little chance of success by the 
usual procedure of isolating bacteria from cheese and using them in 

Received for publication December 10, 1947. 
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its manufacture, as so much of this work already has been done. Rather, 
one might consider the characteristics of the bacterium desired in cheese. 
making and curing and then ascertain if such a bacterium exists. For 
example, the desired bacterium should be universal in milk, as all good 
milk can be made into good cheese without adding this culture. Probably 
the organism should survive pasteurization. It should produce lactic acid 
from lactose rapidly and also be able to use lactates or other compounds 
in cheese as a source of energy; grow well at temperatures of 50° F. or 
less, and at temperatures as high as 106° F.; not produce gas in large 
amounts, although it might need to produce some carbon dioxide, as Dorn 
and Dahlberg (3) have shown cheese made from excellent milk yielded 
limited amounts of almost pure carbon dioxide during curing; be non- 
proteolytic and not produce objectionable flavors and odors. It should 
grow anaerobically at a pH of 5.0 to 5.5 and at salt concentrations up to 
6 per cent, as this concentration is about the maximum that normally 
occurs in the water in Cheddar cheese. The bacterium which has been 
described obviously may be Streptococcus faecalis, as this organism has 
the characteristics given. This organism would develop in the cheese milk 
and in the cheese during curing, especially if stored at 50 or 60° F. White 
and Sherman (6) recently have found enterococci in all raw and pas- 
teurized milk samples which they tested. 


EXPERIMENTAL METHODS 


A dozen or more cultures of S. faecalis were obtained from several 
laboratories and all of them produced acid too slowly in milk to appear 
to be promising. The idea remained dormant for a few years and then 
a search was made in nature for a strain which ferments lactose rapidly, 
as S. faecalis often loses this characteristic when propagated in media 
which do not contain lactose. Some 15 human adults saved stools from 
which enterococci were isolated on the penicillin-azide agar of White and 
Sherman (6), and 8S. faecalis was identified by the characteristics given 
by Sherman (5).° S. faecalis is the predominating streptococcus in the 
digestive tract of man. Approximately 40 or 50 strains of enterococci 
were isolated before one was found that curdled milk rapidly. A 1 per 
cent inoculation of this strain incubated at 85° F. curdled milk in less 
than 18 hours, producing a smooth curd without gas. The flavor of the 
starter was characteristic and definite, but quite different from ordinary 
lactic starter. The odor was flat without being objectionable. It was 
identified as S. faecalis and possessed all typical characteristics. It did 
not ferment glycerol. The tyrosine decarboxylation activity of S. faecalis 
isolated from the starter was Qco. — 50 and that isolated from the ripened 
cheese made with the starter was Qco,=60. This indicates a moder- 
ately active strain for conversion of tyrosine into tyramine. 
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This S. faecalis strain has been carried in milk pasteurized at 200° F. 
for 1 hour and ineubated at 88° F. The curdled starters are held at 40° F. 
and transferred twice weekly. The starter appears to be pure S. faecalis 
on plating, but no endeavor was made to earry it in sterile milk or other 
media to assure no loss in acid-producing ability while the research was 
in progress. Should the starter become contaminated, the S. faecalis 
bacteria could be reisolated and developed as a new starter of the same 
organism. Pure cultures of this organism have been prepared and are 
in storage. 

The milk used for cheesemaking was a good quality of market milk 
pasteurized at 143-145° F. for 30 minutes. After cooling to 86° F., the 
milk was divided into three lots of 300 lb. each. To the first batch of 
milk was added 2 per cent of Hansen’s commercial lactic acid starter; to 
the second batch, 1 per cent of Hansen’s starter and 1 per cent of S. faecalis 
starter; and to the third batch, 2 per cent of S. faecalis starter. The 
milk then was made into cheese according to the time schedule of Wilson 
(7), using the 4.5-hour schedule from adding rennet to milling the curd, 
except that no time was allowed for the starters to develop before adding 
rennet. Acid development was followed by titratable acidity and pH, 
using a Beckman pH meter, laboratory model G, with glass electrode. 
After manufacture and pressing, the cheese was vacuum packed in cans and 
ripened at 50 and 60° F. A few samples were made into 10- or 30-lb. 
cheese and paraffined in accordance with the usual commercial practice. 

The cheese was analyzed for moisture, salt and fat. On the day it 
was taken from the press, analyses were made for pH, volatile acidity by 
the method of Kosikowsky and Dahlberg (4), and soluble nitrogen by the 
method of Sharp as reported’ by Dahlberg and Kosikowsky (1). The 
samples of cheese were scored by the authors at the end of one month 
curing and bimonthly thereafter. The samples were analyzed bimonthly 
for volatile acids, soluble nitrogen and pH. 

A considerable number of series of cheese were made with remark- 
ably consistent results, and two series made on different days are presented 


to illustrate the results. 


RESULTS 


The manufacturing data (table 1) show that the rate of acid develop- 
ment with the S. faecalis starter was slower than with the commercial lactic 
starter, and the mixture of the two starters developed acid at a rate inter- 
mediate between those of the two cultures used singly. S. faecalis grows 
well in the salt concentration of Cheddar cheese, so the pH of all samples 
of cheese 1 day old was rather uniform at pH 4.9 to 5.1 (table 2), irre- 
spective of considerable variations in acidity present in the whey when 
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the curd was milled. The composition of the cheese was uniform, but the 
salt contents were somewhat low (table 1). Most other batches of cheese 
in other experiments contained 1.5 to 2.0 per cent salt. 

While the cheese curd was matting in the’ vats, it generally was pos- 
sible to observe that curd containing S. faecalis matted slightly more 
rapidly and that the curd developed more of the stringy character of the 
meat of chicken breast. As the time approached for salting, the curd 


TABLE 1 


The acidity development during the manufacture of the pasteurized-milk 
American Cheddar cheese and the percentage composition of the cheese 
made with lactic, lactic plus S. ahine, and 
8. faecalis starters 


Manufectering Series 1—10464 . Series 2—10468 
data Lactic | L.F.a | Faecalis | Lactic | L.F.a | Faecalis 
Fresh milk, titr. acid.......... 0.15 0.16 0.16 
6.64 6.64 6.64 6.54 6.54 6.54 
Amount of starter (%) .... 2 141 2 2 141 2 
Starter, titr. acid. (%)..... (0.64 0.61 
Milk set, titr. acid. (%) .... 0.17 0.165 0.16 0.18 0.18 0.18 
pH 6.41 6.40 6.42 6.40 6.38 6.42 
Whey acid 
Ateutting,titr.acid(%) | 0.11 0.10 0.11 0.12 0.11 | O11 
pH 6.35 6.38 6.42 6.33 6.40 6.46 
Cooked, titr. acid. (%) 0.12 0.12 0.11 0.13 0.13 0.13 
pH 6.22 6.28 6.35 6.21 6.32 6.32 
Drawn, titr. acid. (%) 0.12 0.13 0.12 0.15 0.14 0.13 
pH 6.11 6.17 6.29 6.05 6.05 | 6.18 
Milling, titr. acid. (%) 0.52 0.45 0.38 0.50 0.38 | 0.25 
pH .| 5.88 5.44 5.54 5.35 5.63 5.95 
Cheese out of press 
Yield per ewt.milk (Ib.) | 10.4 10.4 10,4 11.0 11.5 11.9 
Moisture | 36.9 36.3 34.9 35.8 36.9 
Fat ( Yo) sven 34.5 34.5 35.5 35.0 35.0 
Salt a 1.25 1.42 1.39 1.27 1.45 
Protein (%) 23.63 23.65 23.69 23.21 22.64 


a L.F,—cheese containing 1% lactic starter and 1% S. faecalis starter. 


containing S. faecalis developed a more pronounced odor of good Cheddar 
cheese curd. This odor of good cheese curd invariably was selected by 
several persons. 

As the cheese cured there was a gradual increase in the pH to 5.13— 
5.29 for cheese held at 50° F. and to 5.19-5.33 for cheese held at 60° F. 
(table 2). The data are not extensive enough to show any conclusive dif- 
ference in acidity due to storage temperature, but a higher pH at the 
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warmer curing temperature seems logical. Certainly, the acidity of the 
ripened cheese was not affected by the starters, for the range of pH on all 
samples of cheese when 6 months old was from 5.13 to 5.33. 

The volatile acidity of the cheese increased more rapidly at 60° F. 
than at 50° F. (table 2), as would be expected. The commercial lactic 
starter produced more volatile acidity in the cheese than the S. faecalis 


TABLE 2 


The pH, volatile acids, and water soluble proteins during curing of 
pasteurized-milk American Cheddar cheese madé with lactic, 
lactic plus S. faecalis, and S. faecalis starters 


‘ Water-soluble 
pH Volatile acids proteins 


Cheese no. 
50° F. | 60° F. | 50° F. | 60° F. | 50°F. | 60° F. 


(%) 


(MI. N acid/100 g.) 


1.45 


5.77 


5.06 5.14 14.7 22.9 6.01 7.28 
5.10 5.15 21.4 32.4 5.55 6.40 
5.17 5.22 13.6 20.7 5.65 6.00 
5.15 5.12 16.6 18.6 5.03 6.24 

3 5.20 5.00 


5.03 5.24 27.1 35.6 7.55 8.10 
5.15 5.29 18.6 31.7 6.46 7.84 
5.07 5.24 23.9 29.6 7.23 7.99 
5.70 


5.20 5.29 27.2 39.0 8.00 9.26 
5.29 5.28 29.4 39.2 7.49 8.95 
5.22 5.33 22.5 36.5 7.02 8.67 
5.13 5.22 21.0 30.6 7.61 8.89 
5.19 5.31 15.8 26.2 7.10 8.61 


Faecalis 
Faecalis 


starter, but the difference was not great. Cheese manufactured with 8. 
faecalis starter and cured for 6 months at 50° F. showed practically no 
inerease in volatile acidity. None of the samples of cheese was high in 
_ volatile acidity for, from a beginning of 12.1 to 17.5 ml. 0.1N acid per 
100 g., the volatile acidity value increased after 6 months at 50° F. up 
to 15.8 to 29.4 and at 60° F. up to 26.2 to 43.3. j 


(%) 
1 day old 
Lactie 4.99 12.5 
Lactic 
L.F. 
Faecalis 
Faevcalis 10468 5.12 17.5 
2 months old : 
Lactic 
Lactic 
L.F. 
Faecalig 10468... 
| 4 months old | | 
Lactic «10464 ene 5.13 5.22 28.4 | 35.5 7.78 8.32 
Lactic 
L.F. 
Faecalis 10464... 
Faecalis 10468 | 
| 6 months old | ; 
Lactic 
Lactic 
L.F. 
Xl 
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As anticipated, the percentage of water-soluble protein increased more 
rapidly at 60 than at 50° F. (table 2). The two types of starters did not 
affect the increase in soluble proteins, which was reasonably uniform for all 
samples. The soluble protein in cheese cured 6 months at 50° F. ranged 
from 7.02 to 8.00, and that cured at 60° F. from 8.33 to 9.26. 

The significant results from the use of S. faecalis starter are shown in 
the flavor scores and comments. Numerical scores were given to the nearest 
half point. All samples were graded as to intensity of Cheddar cheese 
flavor. Other comments on flavor were not made systematically, 1.e., 
some excellent flavored samples of cheese were called excellent and others 
equally good were not so marked. All the comments made at scoring were 
entered in tables 3 and 4. 


TABLE 3 


Flavor development in pasteurized-milk American Cheddar cheese made 
with lactic, lactic plus S. faecalis, and S. faecalis starters 
(Ripened at 50° F.) 


Flavor a Body » 
Score Remarks Score Remarks 
1 month old : 
Lactic 10464 93.0 39.0 Mild —, flat 29.0 Corky, firm 
Lactic 10468 92.5 39.0 Mild —, flat 28.5 Corky,sl.crumbly 
L.F. 10464 95.0 40.5 Mild +, exe., raw 29.5 Waxy 
L.F. 10468 94.0 40.0 | Mild +, exe, raw | 29.0 Waxy, sl. erumbly 
Faecalis 10464 | 94.5 40.0 Mild +, exe. 29.5 Waxy 
Faecalis 10468 = 95.0 40.5 Mild, exc., raw 29.5 Waxy 
2.5 months old 
Lactie 10464 94.0 40.0 Mild —, clean 29.0 Waxy, sl. firm 
Lactic 10468 93.0 39.5 Mild —, sl. curd 28.5 Sl. rubbery 
L.F. 10464 955 | 41.0 _Mild +, clean, raw 29.5 Waxy 
L.F. 10468 | 95.0 41.0 Mild + ,clean, exe. 29.0 Waxy 
Faecalis 10464 | 95.5 41.0 Mild, clean 29.5 Waxy, sl. rubbery 
Faecalis 10468 94.5 40.0 Mild, clean, exe. 29.0 Waxy, sl. rubbery 
4.5 months old 
Lactic 10464 94.5 40.0 Medium —, exe. 29.5 Waxy, sl. firm 
Lactic 10468 93.0 39.0 Mild, past. 29.0 Sl. waxy, sl. firm 
L.F. 10464 94.5 40.0 Medium +, exe, 29.5 Waxy ; 
L.F. 10468 94.5 40.0 Medium, raw 29.5 Waxy 
Faecalis 10464 94.0 39.5 Medium, exe. 29.5 Waxy 
Faecalis 10468 94.0 39.5 Medium — 29.5 Waxy 
7 months old 
Lactic 10464 93.5 39.5 Medium —,sl. flat 
Lactic 10468 94.0 39.5 Medium 29.5 
L.F. 10464 95.0 40.5 Medium + 29.5 Waxy 
L.F. 10468 95.0 40.5 Medium + 29.5 Waxy 
Faecalis 10464 94.5 40.0 Medium 29.5 Waxy 
Faecalis 10468 94.5 40.0 Medium 29.5 Waxy 


a Flavor was scored with 45 as perfect. Intensity of flavor was rated mild—, . 
mild, mild+, medium—, medium, medium+, sharp —, sharp. 


b Body was scored with 30 as perfect. 
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Considering the cheese ripened at 50° F. (table 3), it will be noted 
that the cheese made with commercial lactic starter scored the lowest or 
possessed least flavor, whereas the cheese made with both lactie and S. 
faecalis starters scored the highest or possessed the most flavor of the 


TABLE 4 
Flavor development in pasteurized-milk American Cheddar cheese made with 
lactic, lactic plus 8. faecalis, and S. faecalis starters 
(Ripened at 60° F.) 


Flavor a Body » 


Total 
score Score Remarks 


Cheese no, 


1 month old 


10464 94.5 .40.0 Mild 

10468 93.5 i Mild 

10464 95.5 J Medium, raw 
10468 96.0 R Medium, raw, exe. 
10464 94.5 u Medium, raw 
10468 95.5 , Medium, raw, exc. 


2.5 months old | 
10464 94.5 J Mild +, past., flat 
10468 94.0 E Mild, clean | 
10464 96.5 k Medium+, clean, | 

exe., raw 
10468 96.5 é Medium, clean, 

exe., Taw | 
10464 95.5 / Medium, clean, raw | 
10468 95.5 J Medium —, exc., 
clean, raw 


4.5 months old 


10464 ’ Medium + 
10468 | 91.5 Y Medium, burnt 
10464 | 95.0 . Sharp — 

10468 | 95.5 Y Medium +, exe. 
10464 | 95.0 . Sharp — 

10468 | 94.5 i 


y 
Sl. crumbly 


7 months old 
10464 93.0 : Medium +, flat, 
burnt 29.0 
10468 91.5 i Medium, burnt 28.5 
10464 94.0 5 Sharp — 29.5 
10468 93.5 5 Medium + 29.0 
10464 94.0 3 Sharp — 29.5 
10468 93.5 i Medium + 29.0 


a Flavor was scored with 45 as perfect. Intensity of flavor was rated mild—, 
mild, mild+, medium—, medium, medium+, sharp—, sharp. 
b Body was scored with 30 as perfect. 


three lots. The difference in the scores was obvious for cheese of all ages 
up to 7 months, when scoring was discontinued. Furthermore, the in- 
tensity of the Cheddar flavor was greatest for cheese made with both 
lactic and S. faecalis starters and was least for cheese made with lactic 


Score Remarks 
Lactic | 29.5 Sl. oven 
Lactic 29.0 Firm 
L.F. 29.55 | Waxy 
L.F. | 29.5 | Waxy 
Faecalis 29.5 Waxy 
Faecalis 29.5 Waxy 
Lactic 29.0 
Lactic 29.0 
L.F. 
29.5 Waxy 
L.F. 
29:5 Waxy - 
Faecalis 29.5 Waxy 
Faecalis 
29.5 
| 
Lactic 29.5 Waxy, sl. firm 
Lactic | 28.5 Weak, sticky 
L.F. | 29.5 Waxy 
L.F. 29.5 | Waxy 
Faecalis | 29.5 Waxy 
. Faecalis 29.5 Waxy 
Lactic 
Lactic Sl. crumbly 
Faecalis . 
Faecalis 


| 
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starter only. The flavor of the cheese with lactic starter usually was 
slightly flat, whereas with the use of both. starters the flavor was full, 
clean, and often said to be excellent and like good raw milk cheese. The 
flavor of cheese made with S. faecalis starter alone closely resembled 
that of cheese made with combination starter, but neither quality nor in- 
tensity of flavor always was as good. It should be noted that when the 
flavor of the cheese with lactic starter was especially good, the quality 
closely approached that of cheese made with lactic and S. faecalis starters. 
All lots of cheese cured well without developing any off-flavors for 7 
months at 50° F. 

The waxy, mellow body of cheese made with the combination com- 
mercial lactic and S. faecalis starters, and with S. faecalis starters alone, 
was evident (table 3). The improved body of these samples of cheese 
could be detected even after 7 months of curing. The difference was 
much more noticeable than might be supposed by observing the numer- 
ical scores on body. 

Cheese cured at 60° F. developed the same character as that cured at 
50° F., except that changes occurred more rapidly. At 50° F. no cheese 
developed a sharp flavor in 7 months, but at 60° F., cheese made with S. 
faecalis starter alone or in combination with lactic starter was sharp in 
flavor in 4.5 months (table 4). The intensity of Cheddar flavor at 2.5 
months at 60° F. approximated the intensity of flavor after 4.5 months at 
50° F. This agrees closely with the work of Dahlberg and Marquardt 
*(2). At 60° F. cheese made with lactic starter began to show some de- 
terioration in flavor at 4.5 months and was obviously deteriorated at 7.5 
months. The defect was a burnt or caramelized off-flavor. The cheese 
made with S. faecalis starter alone or in combination with lactic starter 
was excellent after 7 months at 60° F., but the flavor quality was slightly 
less than at 4.5 months of age. Observations of other batches of cheese 
show that about 4 months at 60° F. should be the maximum forced 


curing before cold storage at 40° F. 


DISCUSSION 


The scientific literature on Cheddar cheese of the last 50 years con- 
tains many articles showing that the use of a certain bacterial culture or 
enzyme or of a specific process of manufacture has intensified good flavor. 
With minor exceptions, none of these promising results ever has been 
successfully used commercially over an extended territory. Therefore, 
it is with some reluctance that the authors publish these data, but the 
results are of scientific value irrespective of commercial usage. This study 
is the first to embody successfully the use of large inoculations of a 
special culture into pasteurized milk to produce good, high flavored 
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American Cheddar cheese in a short curing period. Although the flavor is 
like that of raw milk cheese, it never develops the very ‘‘bitey’’ or ‘‘snappy”’ 
flavor that stings on the upper palate of the mouth, and is so typical of 
old raw milk cheese. Rather, the flavor is full and. pronounced with- 
out being astringent or without having any rancid or other foreign flavor. 
Obviously, the milk must be of good flavor before pasteurization. 

Good Cheddar cheese was made in these experiments with pas- 
teurized milk containing only a commercial lactic starter. A better 
Cheddar cheese was made using S. faecalis starter alone, so this is positive 
proof that ordinary lactic starter is not necessary for making good 
Cheddar cheese. The best Cheddar cheese was made using both starters 
together, indicating symbiotic action among the bacteria in the two 
starters in producing a maximum of flavor. 

In these experiments no time was given for the starter to develop 
before adding rennet, and the authors actually favor an hour at 86° F. 
for the starter to work in the milk before setting. Under such con- 
ditions about 0.5 to 0.75 per cent of lactic starter and 1 per cent of S. 
faecalis starter gave desired acid production. 

S. faecalis has characteristics of special significance in cheese. It 
grows at 106° F. in the cheese vat and at 50° F. in the curing room. It 
ferments lactose rapidly enough to be used as a starter, providing a 
proper’ strain is selected and developed. It grows anaerobically in 
cheese, utilizing lactates as sources of energy. It is nonproteolytic and 
does not produce gas or objectionable flavors. It grows at the pH and 
the salt concentration present in cheese. 


SUMMARY 


A strain of Streptococcus faecalis which rapidly fermented lactose 
was isolated. It was used as a starter for American Cheddar cheese 
made from pasteurized milk of excellent quality. 

The S. faecalis starter produced acid in milk somewhat slower than a 
commerical lactic starter but rapidly enough for cheese making. The 
cheese made with S. faecalis developed a normal acidity, slightly lower 
total volatile acidity, and the same water-soluble protein level as did 
cheese made with a commercial lactic starter. More Cheddar flavor of 
better quality developed in the cheese made with 8. faecalis, and the body 
of the cheese was more mellow and waxy than the cheese made with 
lactic starter. 

American Cheddar cheese with the best flavor of highest intensity 
was made by using both commercial starter and S. faecalis starter in the 
same pasteurized milk. The flavor was pronounced, clean, good Cheddar 
but not snappy. . 
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S. faecalis starter hastened the ripening of Cheddar cheese. A well- 
ripened cheese of medium flavor intensity was produced in 4.5 months at 
50° F. and in 2.5 months at 60° F. when S. faecalis starter was used with 
the usual lactic starter. With commercial lactic starter, the same ap- 
proximate intensity of flavor, of lower quality, was developed in 7 months 
at 50° F. and in 4.5 months at 60° F. The results indicate that after 
these curing periods, the cheese should be held at cold curing tem- 
peratures. 
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THE GROWTH AND SURVIVAL OF STREPTOCOCCUS 
FAECALIS IN PASTEURIZED MILK AMERICAN 
CHEDDAR CHEESE’ 


F. V. KOSIKOWSKY anp A. C. DAHLBERG 
Department of Dairy Industry, Cornell University, Ithaca, New York 


In a previous paper (1) it was shown that the addition of Streptococcus 
faecalis starter to pasteurized cheese milk increased the rate of ripen- 
ing and improved the flavor of American Cheddar cheese. Such an effect 
naturally directed the attention of the authors to the growth character- 
istics of this organism in cheese. 

It is well known that the bacteria normally found in commercial 
lactic cheese starters do not survive for any great length of time in cheese. 
S. faecalis, on the other hand, is considered to be a rugged type of or- 
ganism, able to survive and grow under conditions which would soon 
destroy many other types. As American Cheddar cheese in many respects 
affords conditions unfavorable for growtn of most bacteria, it would be 
interesting to observe the degree of adaptation that S. faecalis could make 
in such an environment. That this organism commonly is found in 
cheese has been noted by several investigators. Sherman and Stark (5) 
found S. faecalis in 1-day-old Swiss cheese, while Foster et al. (2) found 
large numbers of these bacteria in ripening Brick cheese. Tittsler et al. 
(6) stated that enterococci were one of the predominant bacterial types 
in ripening Cheddar cheese made from pasteurized milk. 

Up to the present, very little study has been made of the course of 
growth and of the survival period of S. faecalis in Cheddar cheese. Data of 
this nature should aid in an understanding of the effect of this organism 
upon cheese flavor development as well as provide general information 
which will be required as knowledge of the relationship of S. faecalis to 
foods becomes more apparent. A study covering the foregoing phases 
was conducted. 


EXPERIMENTAL METHODS 


Methods used consisted of the total plate count using standard tryp- 
tone-glucose-extract-skim milk agar, a selective medium plate count for 
enterococci, and conventional physiological identification tests for enter- 
ococci. The selective medium was that developed by White and Sherman 
(7) for the determination of enterococci in milk. It contains 0.5 per 
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cent glucose, 0.5 per cent tryptone, 0.5 per cent yeast extract, 1.5 per 
eent agar, 0.03 per cent sodium azide, and 325 Oxford units of penicillin 
per l1. Tests employed for the identification of the enterococcus group 
were those suggested by Sherman (4) as being very important for dif- 
ferential purposes. They included growth at 10° C. and 45° C., rapid 
reduction in litmus milk, and growth in broth containing 6.5 per cent 
sodium chloride. In addition, microscopic observations were made. All 
plates were incubated at 32° C. for 4 days. Samples for plating were 
prepared by aseptically grinding 3 g. of cheese with 27 ml. of warm 2 per 
cent sodium citrate solution until the cheese was well emulsified. Dilu- 
tions then were made from this cheese solution. 


RESULTS 


Total and selective medium counts of milk, starters, and fresh curd. 
Results shown in this work were obtained on a series of three cheese. All 
cheese were made from milk pasteurized at 143-145° F. for 30 minutes, 
with the raw milk being obtained from the Cornell University herd. 
Twelve hundred pounds of milk were divided into three equal portions 
and made into cheese. The cheese obtained was the series L 10468, 
LF 10468 and F 10468 referred to in a previous paper (1) in which LZ 
was made with 2 per cent commercial lactic starter, LF with 1 per cent 
commercial lactic starter and 1 per cent S. faecalis starter, and F with 2 
per cent S. faecalis starter. The cheese were ripened at 50 and at 60° F. 

Bacterial counts, using standard agar and penicillin-sodium azide 
medium, were made of the original raw and pasteurized milk, and starters. 
Although the selective medium was used to separate the enterococci, no 
attempt was made at this stage to identify the enterococcus colonies by 
additional tests. Results of these counts are shown in table 1. The two 
different types of starters showed relatively high total bacterial counts. 
The regular commercial starter showed a total bacterial count of 350 
million per ml., while the S. faecalis starter had a total bacterial count 
of 950 million per ml. Results with the selective medium showed that 
no enterococci were present in the regular commercial starter, while approxi- 
mately 94 per cent of the total count of the S. faecalis starter grew in the 
selective medium. 

The original raw milk was of high quality, having a total bacterial 
count of 5,700, while the pasteurized milk had a low bacterial count of 
500 per ml. The numbers of bacteria growing on the selective medium 
. were very small in either milk. The total bacterial counts after the addi- 
tion of the starters ranged from 5 million to 16 million, whereas the 
selective medium counts ranged from 70 to 12 million. 

The next counts were taken on the cheese curds just before salting. 
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Results are listed in table 2 under 0 days. Beginning with this section 
and continuing through, with a few exceptions, 20 colonies from the 
plates of each cheese were isolated and cultured from plates containing 
the selective medium. These bacteria then were identified as to whether 
or not they were enterococci, using the tests enumerated previously. 
Total and selective medium counts of cheese ripened at 50° F. Of the 
cheese ripened at 50° F. (table 2), cheese Z, containing 2 per cent lactic 
starter, had its highest total bacterial count, 300 million per g., within the 
first 2 days, after which the bacterial population decreased rapidly to the 


TABLE 1 


Bacterial counts on starters and cheese milk containing commercial lactic 
starter organisms and 8S. faecalis organisms 


Total bacterial — 
Milk counts per ml. 
on standard agar penicillin-aside 
agar 
Commercial starter 350,000,000 1 
8. faecalis starter 950,000,000 890,000,000 
Raw milk 5,700 320 
Past. milk (143-145° F. for 30 min.) ......... i 500 50 
L 1046 ast. milk set : 
at 86° F. containing 2% com. starter....... 5,000,000 70 
LF 10468—past. milk set at 86° F. contain- 
ing 1% com. starter and 1% S. faecalis 
starter 11,500,000 6,400,000 
F 10468—past. milk set at 86° F. contain- “4d. 
ing 2% S. faecalis starter. 16,000;000 12,000,000 


low total count of 1,200,000 per g. at the end of 23 days and then gradually 
inereased to a total count of 26 million at the end of 180 days. Cheese LF, 
containing 1 per cent lactic starter and 1 per cent S. faecalis starter, had 
its highest total count, 1,150 million per g., at the time of salting the curd. 
The number of bacteria then decreased very slowly over the ripening 
period of 180 days to a low of 305 million. Cheese F,-containing 2 per cent 
S. faecalis starter, on the other hand, had a high total count of 1,790 
million at the time of salting, but this high count was maintained at the 
same level for 60 days, after which it slowly decreased to 855 million at the 
end of 180 days. , 

When the selective penicillin-azide medium for enterococci was used 
on the cheese ripened at 50° F., the following results, outlined in table 2, 
were obtained. The selective medium bacterial count for cheese L was low- 
est during the first 2 days. Just prior to salting of the cheese, the bacterial 
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count was 300, with 18 of the 20 colonies being identified as enterococci. 
From this low point, the bacteria in this control cheese increased to a peak 
of 23 million per g. However, it can be seen clearly from the summary 
of identification tests (table 2) that the increase in numbers was not a 


TABLE 2 


Bacterial counts of pasteurized-milk American Cheddar cheese (Series 10468) 
made from commercial starter, S. faecalis starter, and a 
mixture of the two, and ripened at 50° F. 


Bacterial count 
Total bacterial per g Positive 
Cheese 4 Age count per g. on penicillin-azide identification 
on standard agar of enterococci 
agar 
(from 20 picked 
(days) colonies) 

L 0 300,000,000 300 18 
LF 0. 1,150,000,000 520,000,000 19 
F 0 1,790,000,000 1,370,000,000 20 
L 2 320,000,000 
LF 2 1,070,000,000 490,000,000 | .... 
F 2 1,890,000,000 1,100,000,000 | 
L x 60,000,000 5,000 4 
LF 11 920,000,000 500,000,000 19 
F 11 1,750,000,000 1,310,000,000 20 
L 23 1,200,000 14,000 
LF 23 686,000,000 389,000,000 
F 23 1,560,000,000 1,076,000,000 
L 34 2,900,000 295,000 | 2 
LF | 34 740,000,000 390,000,000 19 
F 34 1,810,000,000 1,065,000,000 20 

60 11,000,000 2,700,000 6 
LF | 60 480,000,000 345,000,000 | 20 

60 1,630,000,000 1,085,000,000 | 19 
L | 120 44,000,000 23,000,000 0 
LF 120 366,000,000 290,000,000 19 
F | 120 970,000,000 740,000,000 18 
L | 180 26,000,000 11,000,000 0 
LF 180 305,000,000 250,000,000 19 
F 180 855,000,000 675,000,000 | 20 


- 


a L=2% regular lactic starter in cheese milk. 
LF = 1% regular lactic starter in 1% S. faecalis starter in cheese milk. 
F = 2% S. faecalis starter in cheese milk. 


result of an increase in enterococci but rather of another type or types 
of bacteria able to multiply on the selective medium. Further examina- 
tion of these organisms showed them to be of the genus Lactobacillus. 

In cheese LF, the highest number of enterococci, 520 million per g., 
was found in the curd prior to salting. The numbers of these bacteria 
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were maintained at almost 70 per cent of this level for 60 days, while at 
the end of 180 days there was a decline of about 50 per cent. Almost all 
the bacteria isolated were of the enterococcus group. 

Cheese F at 50° F. had the highest enterococcus count, 1,370 million 
per g., just before the curd was salted, and this count was maintained at 


TABLE 3 


Bacterial counts of pasteurized-milk American Cheddar cheese (Series 10468) 
made from commercial starter, S. faecalis starter and a 
mixture of the two, and ripened at 60° F. 


i t 
Total bacterial Positive 

Cheese @ Age count per g. on penicillin-azide identification 

on standard agar agar of enterococci 

(from 20 picked 

(days) colonies) 

L 0 300,000,000 300 18 
LF 0 1,150,000,000 520,000,000 19 
F 0 1,790,000,000 1,370,000,000 20 
L 2 
L 1l 50,000,000 36,000 3 
LF it 960,000,000 450,000,000 19 
F 11 1,680,000,000 1,330,000,000 20 
L 23 3,200,000 2,700,000 we 
LF 23 680,000,000 420,000,000 
F 23 1,490,000,000 
L 34 14,000,000 5,500,000 1 
LF 34 630,000,000 385,000,000 18 
F 34 1,600,000,000 1,020,000,000 20 
L 60 50,000,000 26,000,000 0 
LF 60 450,000,000 305,000,000 18 
F 60 875,000,000 750,000,000 20 
a 120 61,000,000 28,000,000 0 
LF 120 150,000,009 . 115,000,000 18 
F 120 530,000,000 450,000,000 19 
L 180 35,000,000 13,500,000 0 
LF 180: 61,000,000 36,000,000 13 
F 180 165,000,000 90,000,000 20 


s L=2% regular lactic starter in cheese milk. 


LF = 1% regular lactic starter in 1% S. faecalis starter in cheese milk. _ 
F = 2% S. faecalis starter in cheese iailk. 
the same level for 60 days, after which it decreased to 675 million at the 
end of 180 days. Practically all the colonies isolated by means of the selec- 
tive medium belonged to the enterococcus group, and, as only 8S. faecalis 
was added, presumably all or almost all of this species made up the bacter- 
ial count of cheese F. 
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Total and selective medium counts of cheeses ripened at 60° F. The 
bacterial counts of cheese ripened at 60° F. compared to those of the same 
lots of cheese ripened at 50° F. showed many similar trends (table 3). In 
control cheese L, the total bacterial count showed a rapid decrease from a 
high of 300 million to a low of 3 million per g. at the end of 23 days. This 
was followed by a steady increase until at the end of 120 days the total 
bacterial count was up to 61 million. Two months later the numbers of 
bacteria had decreased to 35 million. In cheese LF a high total bacterial 
count of 1,150 million was obtained on the curds just prior to salting. The 
total count then gradually decreased to 450 million at the end of 60 days, 
while at the end of 180 days the bacterial count had gone down to-61 mil- 
lion. Cheese F showed results in line with those exhibited by cheese LF, 
going from a high of 1,790 million in the curd to a low of 165 million at 
180 days. 

Selective medium counts made on these cheese ripened at 60° F. (table 
3), showed control cheese LZ with a low initial count of 300, followed by a 
steady increase to 28 million at the end of 120 days and a drop to 13,500,000 
at 180 days. This increase in cheese L was not due as much to enterococci 
as to lactobacilli. On the other hand, cheese LF had its highest entero- 
eoceus count just before salting, 520 million per g., and this population 
decreased to 36 million at 180 days. At the end of 60 days of ripening, 
305 million enterococci per g. still were present. In this connection, cheese 
F, with 8S. faecalis starter only, showed counts which were maintained 
for long periods of time. Starting with an initial selective medium count 
of 1,370 million, this cheese still had a count of 750 million at the end of 
60 days, and then dropped to 90 million at 180 days. : 

A comparison of tables 2 and 3 shows that at 50 and at 60° F. the 
trends of bacterial growth and survival were very similar; the difference 
that existed showed up as a more rapid decline in bacterial population at 
60° F., a result which was expected. 

A duplicate experiment made on cheese manufactured a month later 
produced data of strikingly similar nature. These data are not included 
in this paper because they would only provide repetition of the initial 
observations. 


DISCUSSION 


A study was made of the growth and survival of Streptococcus faecalis 
in pasteurized milk American Cheddar cheese over a 6-month ripening 
period at 50 and at 60° F. Control cured cheese made from pasteur- 
ized milks and containing only regular lactic cheese starter had the lacto- 
bacilli as their predominating organisms. These results do not agree with 
those of Tittsler et al. (6), who stated that enterococci were the predom-. 


| 

| 


Streptococcus faecalis IN CHEESE 291 


inating organisms in pasteurized milk cheese. However, it is pointed out 
that the milk used in the present study was of very high quality, and cheese 
made commercially from pasteurized milk was not included. Development 
of lactobacilli in large numbers late in the ripening period of Cheddar 
cheese was noted very early by Hastings et al. (3) and by other investi- 
gators, 

The observation that the selective medium developed by White and 
Sherman (7) for the separation of enterococci actually allowed bacteria of 
the lactobacillus group to grow confirms the earlier findings of White and 
Sherman (8). These investigators found that in cheese certain species of 
lactobacilli were able to grow in the selective medium. Where enterococci 
are predominant, this method of selection is very useful and surprisingly 
consistent in its ability to recover the organism. In the work involving 
cheese F, where there was a vast number of S. faecalis organisms, the selec- 
tive medium was able to recover on the average about 73 per cent of the 
total bacterial count as enterococci. .This is a good recovery when one 
considers the many opportunities that exist for the elimination of the less 
resistant bacteria in work of this nature. 

Streptococcus faecalis proved able to adapt itself well to the environ- 
ment provided by Cheddar cheese when added as a starter. Its best growth 
occurred in the milk and curd up to salting, and it was able to grow and 
survive in large numbers after 180 days of ripening at 50 and at 60° F. 
This charecteristic resistance to destruction in cheese further strengthens 
the authors’ belief that this organism is instrumental in developing in- 
creased flavor in cheese. 


SUMMARY 


Three lots of milk pasteurized at 143-145° F. for 30 minutes were made 
into American Cheddar cheese. These lots contained, respectively, 2 per 
cent commercial lactic starter, 1 per cent commercial lactic starter plus 1 
per cent Streptococcus faecalis starter, and 2 per cent S. faecalis starter. 
A selective penicillin-azide medium was used to count and isolate the 
enterococci. 

In 1-day-old cheese made with commercial lactic starter, the number of 
bacteria growing on the selective medium was small, 300 per ml., but 
these gradually increased to 23 million per ml. at the end of 120 days at 
50° F., and to 28 million per ml. after 120 days at 60° F. At the end of 
180 days the counts on the selective medium had decreased to 11 million 
and 13 million per ml. at 50 and 60° F., respectively. In this cheese most 
of the increase was due to lactobacilli and not to enterococci. 

When 8. faecalis was used as a starter for pasteurized milk American 
Cheddar cheese, the highest enterococcus count was found to exist in the 
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cheese curds just prior to salting, the count being 500 million per g. for 
cheese containing 1 per cent commercial lactic starter plus 1 per cent 
S. faecalis starter, and 1,370 million per g. for the cheese containing 2 per 
eent S. faecalis starter. 

S. faecalis was able to grow and survive in Cheddar cheese in large 
numbers for a considerable period of time, both at 50 and 60° F. At 
50° F., cheese made with both lactic and S. faecalis starters still gave 
counts of 345 million per g., and cheese made with S. faecalis starter gave 
counts of 1,085 million per g. at the end of 60 days, whereas at 60° F. the 
former cheese contained 305 million per g. and the latter cheese contained 
750 million per g. at the end of 60 days. At the end of 180 days the numbers 
of bacteria in the cheese growing on the selective medium had decreased, 
although considerable numbers still were present. 
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THE TYRAMINE CONTENT OF CHEESE?! 


F. V. KOSIKOWSKY anp A. C. DAHLBERG 
Department of Dairy Industry, Cornell University, Ithaca, New York 


The process of cheese ripening produces a variety of nitrogenous decom- 
position products, some of which must exert an important influence upon 
the ripening process. Yet relatively little is known concerning the nature 
of many of these compounds, their concentration in cheese, their specific 
réle in ripening, and their nutritional value. For example, information 
is relatively meager on the amino acids freed in cheese during ripening, and 
even less is known concerning the respective amines which may be formed 
from these amino acids. 

This paper deals with a small portion of this complex problem in that 
a quantitative study on cheese was made of the amine derived from tyro- 
sine. This breakdown product from tyrosine is p-hydroxyphenylethyla- 
mine and very commonly is referred to as tyramine. No information has 
been available to indicate its quantitative concentration in cheese, with the 
single exception of an Emmenthal cheese. 

; Tyramine is an alkaloid of the aromatic amine type. It can be produced 
by heating tyrosine with a high boiling solvent such as diphenylamine or by 
bacterial decomposition of tyrosine. Often it occurs in decaying protein 
and it also is found in ergot and mistletoe. Tyramine has a boiling point 
of 179-181° C. (8 mm.) and a melting point of 161° C. When injected sub- 
cutaneously or intravenously, it has the property of contracting the periph- 
eral blood vessels, thus causing an increase in blood pressure, and for this 
reason it is used rather frequently in medicine. Gale (6) found the opti- 
mum production of tyramine by bacterial cells to occur at pH 4.5 to 5.5, 
which is in the pH range of normal American Cheddar cheese. 

Tyramine was first discovered in cheese in 1903 by Van Slyke and Hart 
(8) in their research to show the source of carbon dioxide in cheese. They 
made two small batches of Cheddar cheese from fresh milk and from fresh 
milk to which chloroform had been added. Of specific interest in their 
study was the accumulation of relatively large amounts of tyrosine and no 
tyramine in the chloroformed cheese (a low acid cheese) after curing for 
32 weeks at 15.5° C. (60° F.) as compared with lesser amounts of tyrosine 
and positive tests for tyramine in the normal cheese. This conversion of 
tyrosine to tyramine was thought to be due to bacteria. They cited the 
research of Emerson (5), published the previous year, which established 
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that the aqueous extract of the pancreas converted tyrosine into tyramine 
with liberation of carbon dioxide by the followirg reaction: 
C,H,: CH, CH(NH.)COOH — HO- C,H,- CH. - CH. - NH, + CO, 

An abnormal Emmenthal cheese was found in 1909 by Winterstein and 
Kiing (10) to contain tyramine. The authors did not siate the reason for 
considering this cheese to be abnormal, but they found the tyrosine content 
to be abnormally low for a well-ripened cheese. They believed that bacteria 
probably converted the tyrosine into tyramine. Later Winterstein (9) 
found traces of tyramine in a skim milk Emmenthal cheese. 

In 1914 Ehrlich and Lange (4) reported the presence of tyramine in 
samples of Roquefort,.Camembert and Emmenthal cheese. The tyramine 
content of the Emmenthal cheese was found to be 1.08 g. in 1.8 kg. of 
cheese, or 0.06 per cent. When the cheese was inoculated into a bacterial 
culture medium containing tyrosine, tyramine was produced. A culture 
was isolated which produced tyramine by this methcd, but it did not 
produce tyrosol or p-hydroxyphenyllactic acid. This culture which pro- 
duced acid in milk belonged to the colon group of bacteria. The literature ~ 
includes the analysis for tyramine of only one Cheddar, one Roquefort, 
one Camembert and three Emmenthal cheeses. All samples tested showed 
the presence of tyramine, but of these six samples, only one, an Emmenthal . 
cheese, was analyzed quantitatively. 

Methods for the separation and estimation of tyramine have been known 
for some time, but only in recent years have newer methods been intro- 
duced which can be applied on a large scale to the estimation of this com- 
pound in such products as cheese. Henze (7) developed a quantitative 
method for obtaining and separating tyrosine and tyramine from cepha- 
lopods by ether extraction. With this method he isolated tyrosine and tyra- 
mine from the salivary gland of Octopus macropus and determined the 
compounds colorimetrically by the Millon reaction. Recently Bellamy 
and Gunsalus (1, 2), by using a continuous ether extractor and a colori- 
meter, adapted and applied this method to the determination of tyrosine 
and tyramine in bacterial cultures in their study on tyrosine decarboxylase 
systems. Utilizing the knowledge obtained by the foregoing investigators, 
an applied method for determining tyramine in cheese was evolved. With 
this method it was possible to test quantitatively a large number of cheeses. 


EXPERIMENTAL METHODS 


The principle of this method is that the phenolic hydroxyl group, which 
is characteristic for tyrosine and tyramine, will react to form a positive 
Millon test under the proper conditions. Separation of tyramine from 
’ tyrosine is based on the fact that tyramine can be extracted by ether under 
mildly alkaline conditions, while tyrosine is insoluble in ether. Both are 
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insoluble in acid ether, while phenols are soluble. The method as applied 
to cheese is described. 

Preparation of sample. Fifteen grams of cheese were ground in a 
mortar with a small amount of warm (45° C.) 2 per cent sodium citrate 
solution. After the cheese was well emulsified, the solution was transferred 
quantitatively to a 250-ml. volumetric flask and enough sodium citrate solu- 
tion was added to bring it to the 250-ml. mark after cooling to 25° C. The 
contents of the volumetric flask were transferred to a standard 300-ml. 


1) 


B 
Cheese 
solhition 


solution 

Fig. 1. A continuous extractor for separating tyramine from tyrosine. A, extraction 
tube (200x 25 mm.); B, receiver tube (20025 mm.); C, glass thimble. Condenser 
capacity—300 mm. 


pyrex flask and heated to 80° C. for 15 minutes in a water bath to destroy the 
decarboxylases and then cooled to 25° C. After cooling, an 18-g. sample 
obtained by using a calibrated pipette was transferred to the extraction tube 
(A) of the continuous ether extractor shown in figure 1. This extractor, 
very similar to the one proposed by Wooley (11), was used by Bellamy and 
Gunsalus (1, 2) in their work on bacterial decarboxylases. 

Acid extraction of cheese. To the receiver tube (B, fig. 1) of the ex- 
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tractor, 5 ml. of M/50 sulfuric acid were added. This acid solution is 
used to trap the tyramine when it comes over with the ether. The glass thim- 
ble (C, fig. 1) was placed in the extraction tube and then ethyl ether care- 
fully was added to both the extractor and receiver tube. This was done 
until a 3-cm. layer accumulated in the receiver and until the ether just 
reached the side arm in the extractor tube. The two sections were attached 
to each other by means of cork connections and then attached ‘to a con- 
denser. Gentle heating of the ether in the receiver tube was accomplished 
by the use of an oil bath. Extraction under acid conditions was carried 
on for 5 hours to remove a large portion of the fat and fatty acids and any 
phenols that might be present. This extraction, due to the influence of the 
sodium citrate, was carried at slightly above the pH of most normal Ched- 
dar cheese, or about pH 5.5-5.8. 

Alkali extraction of cheese. The receiver tube was emptied, washed, and 
again filled to its former level with 5 ml. of M/50 sulfuric acid and sufficient 
ethyl ether and attached to the extraction section. The entire extraction 
unit then was taken from the oil bath, and enough of a solution of 10 per 
cent sodium carbonate was added to the thimble in the extractor tube to 
make the solution to be extracted slightly alkaline to phenolphthalein. The 
quantity required varied from 0.4 to 1.0 ml. No phenolphthalein actually 
was added to the extractor tube as it would be extracted by ether and would 
give a positive test. To find the proper amount of alkali required without 
adding phenolphthalein to the unit, an Erlenmeyer flask containing 18 g. 
of the cheese solution and phenolphthalein was used and the solution in it 
neutralized. The same amount of alkali required for this preliminary neu- 
tralization was added to the thimble. Extraction was resumed and con- 
tinued until all the tyramine was obtained. This usually took about 42 
hours, depending on the nature of the cheese. To assure complete extrac- 
tion, analyses were made on the contents of the receiver tube after 30 hours 
and then at 12-hour intervals until the pink color no longer was produced. 

After each of these extraction periods the receiver tube was disengaged 
from the extractor tube and the entire ether-acid mixture was cooled 
slightly and poured slowly into a graduated test tube. The test tube was 
placed into an oil bath and the ether carefully boiled off. The acid solution 
remaining was cooled to 25° C., and the volume noted and tyramine analyses 
made. The receiver tube again.was filled with acid solution and ether, and 
the extraction resumed. 

Measurement of color. One milliliter of the acid solution containing 
the tyramine was pipetted into a colorimeter tube (calibrated 18 x 150 mm. 
pyrex test tube). Three milliliters of 95 per cent acetic acid were added, 
followed by 2 ml. of a mercuric sulfate reagent (10 per cent mercuric sul- 
fate in 5 per cent sulfuric acid) and the tube well agitated. This mixture 
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was heated for 3 minutes in boiling water, cooled and mixed. The tube 
then was placed in a Coleman no. 11 spectrophotometer and read at 500 y 
against a reagent blank set at G@=100. After this turbidity reading (I) 
if any, was recorded, 1.0 ml. of fresh 0.5 ner cent sodium nitrate (prepared 
fresh daily) was added and well mixed, and the tube read at 500 y after 
15 minutes at room temperature against a reagent blank to which sodium 
nitrate solution had been added. The second reading with the color-pro- 


ducing compound was labeled Lz. 
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Fig. 2. Standard curve for tyramine using the Coleman spectrophotometer. 
Calculations. Calculations required for this method are as follows: 
L=2-log 
L, — L, = L (proportional to tyramine concentration) 
G = galvanometer reading 
DL, = value of turbidity 


L, = value for color 
To find the amount of tyramine in the sample, one of two things can be 


done. Reference can be made to the standard curve (fig. 2), or the tyra- 
mine content can be calculated by using a constant K, which has been ob- 
tained at different levels. To use K, the standard curve must go through 


the origin. 


K = gamma in standard sample 


L for same sample 
Gamma in standard sample = KL 
The final standard is brought to gammas of tyramine per gram of 
cheese, after considering all dilution factors. In this work all values are 
based on tyramine and not tyramine hydrochloride. 
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RESULTS 


The recovery of added tyramine from cheese. In order to test the 
ability of this applied method to recover tyramine from cheese effectively 
and at the same time to prevent tyrosine from being extracted, a number of 
recovery experiments were performed. The results from several ex- 
perimental trials indicated that when pure tyrosine was added to water 
or to a cheese solution, no amount of extraction, either at an acid or alkaline 
pH, would bring over the tyrosine. On the other hand, when various 
amounts of tyramine in the form of tyramine hydrochloride were added 
to a cheese solution, which then was made mildly alkaline with 10 per cent 
sodium carbonate, it was found (table 1) that practically all the added 
tyramine was recovered under the conditions of extraction and color 


TABLE 1 


The recovery of added tyramine from cheese (5468 Fe) 
(5-hr. acid ether extraction + 40-hr. alkali ether extraction) 


Tyramine Tyramine Tyramine 
added found in cheese recovered 
(y/9-) (y/9-) (%) 
790 2191 97.0 
1580 3008 100.0 


estimation previously described. In this recovery experiment 5 hours of 
acid ether extraction and 40 hours of alkali ether extraction were required 
for complete recovery. For some cheese solutions where smaller amounts 
of tyramine were added, complete recovery was attained in a shorter 
length of time. 

The tyramine content of 25 Cheddar cheeses. Analyses for tyramine 
were conducted on 25 commercial American Cheddar cheeses. These 
samples were obtained from New York, Wisconsin, Illinois, and Missouri 
and consisted of both raw and pasteurized milk cheese. The ages of these 
cheese ranged from 2 months to 3 years. No attempt was made to show here 
the effect of such factors as treatment of milk or cheese and the effect of 
age upon the tyramine content, as these topics will form the basis of sub- 
sequent papers. The high, average, and low tyramine concentrations of 25 
‘American Cheddar cheeses are shown in table 2. 

The tyramine content of Cheddar cheese can be much greater than that 
listed in the table. One very old Cheddar cheese, not included in the group 
of 25 cheeses because it was not manufactured in a commercial plant, was 
found to contain 2,330 y of tyramine per g., or 0.223 per cent. Data shown 
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here make it quite apparent that practically all commercial American 
Cheddar cheese must contain tyramine in a wide range of concentration. 

The tyramine content of miscellaneous types of cheese. A number of 
cheeses representing diversified types were subjected to analyses for tyra- 
mine. The results of these analyses are shown in table 3. All samples 
within a type variety were purchased from different sources and at differ- 
ent times of the year. It was assumed from the beginning that the values 
shown here do not necessarily typify any particular variety of cheese, as 
factors tending to shift these values always are present. Data shown in 
table 3, however, do give some idea as to the tyramine content of an assorted 
group of cheeses. Here again, as with the Cheddar cheeses, a wide range 
exists not only between varieties but also between samples of similar types. 
The smallest amount of tyramine, 48 y per g., occurred in a Roquefort, while 
the largest amount, 1,683 y per g., occurred in a Liederkrantz cheese. 


TABLE 2 
The concentration of tyramine in twenty-five commercial Cheddar cheeses 
Cheese Tyramine Tyramine 
(y/9-) (%) 
Highest 1199 0.1199 
Lowest 25 0.0025 
Av. 384 0.0384 


Two different samples of Liederkrantz both gave high concentrations 
of tyramine. This is undoubtedly a result of the character of this cheese, 
where early and extensive decomposition of proteins occurs. The Lim- 
burger sample, which is considered similar to Liederkrantz in its decom- 
position properties, had a relatively low value. Further examination of 
this sample showed it to be very atypical in that it was not broken down 
in body and that it resembled a Brick cheese more than a Limburger. 

The isolation, purification and identification of the dibenzoyl derivative 
of tyramine from Cheddar cheese. A series of tyramine extractions was 
conducted on several Cheddar cheeses which were considered to have large 
concentrations of tyramine. Sufficient extractions were made from fresh 
samples of cheese to provide a volume of 500 ml. of N/50 sulfuric acid cal- 
culated to contain about 35 mg. tyramine. The acid solution (about pH 1) 
then was evaporated in vacuo to approximately 40 ml., washed with ethyl 
ether to remove any fat, and then centrifuged to remove other impurities. 

The method for obtaining a dibenzoyl derivative of tyramine as des- 
eribed by Gale (6) was followed. Solid sodium bicarbonate was added 
until the pH of the solution was brought to 7.5-8.0 and the mixture was 
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cooled in ice to 10-12° C. Benzoyl chloride then was added, with vigorous 
shaking, a few drops at a time until about 3 mol. equivalents had been 
added, the pH being maintained in the region of 8 by the addition of solid 
sodium bicarbonate. This mixture was left overnight in a cold room. The 
following day a precipitate had formed and was removed by centrifuging. 
It was purified by extracting with hot absolute alcohol. The dibenzoyl 


TABLE 3 


The concentration of tyramine in an assorted 
group of cheeses 


Cheese Tyramine Tyramine 
(y/9-) (%) 
Edam 100 0.0100 
Roquefort a 48 0.0048 
Blue 49 0.0049 
Blue .......... 266 0.0266 
Limburger 204 | 0.0204 
Liederkrantz 1226 | 0.1226 
Liederkrantz 1683 0.1683 
d’Oka a 310 0.0310 
d’Oka a 158 0.0158 
Gouda a | 95 0.0095 
Gouda 54 0.0054 
Brick cn | 194 0.0194 
Munster 110 0.0110 
Swiss ............... 50 0.0050 
Swiss . 434 0.0434 
Romano 4 197 0.0197 
Argenti a 188 0.0188 
Camembert... 125 0.0125 


a Imported cheeses. 

b Cheddar. 
tyramine was recrystallized once from dilute alcohol and its melting point 
determined on a hot-stage microscope. A sample of dibenzoyl tyramine 
was prepared in the same manner from highly purified Eastman Kodak 
tyramine hydrochloride and the melting point of the derivative taken by 
the hot-stage microscope. Gale (6) reported that the dibenzoyl tyramine 
obtained in his studies had a melting point of 171-172° C. (corr.). The 
derivative from the present ‘cheese and from the known pure tyramine 
melted at 170—-172° C. (corr.) and a melting point of the mixed samples was 
169-172° C. (corr.). These data confirm that tyramine was the chemical 


substance being extracted from the cheese. 


: 
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DISCUSSION 


7 It has been possible to show the presence and concentration of tyramine 

(p-hydroxyphenylethylamine) in a large number of ripened types of cheese. 
As tyramine can-be derived from tyrosine by bacterial decarboxylases, a 
prerequisite of tyramine production in cheese is the presence of free tyro- 
sine. The observations of Dorn and Dahlberg (3) that the white particles 
in ripened Cheddar cheese actually are made up largely of tyrosine fully 
satisfies this condition. 

The fact that tyramine was found in practically all commercial cheeses 
examined is not as surprising as the concentrations found. Past concepts 
that tyramine occurs in normal cheese only in traces, if at all, will have to 
be revised. A concentration of from 0.08 to 0.12 per cent cannot be con- 
sidered a trace. In these analyses it was found that 5 out of 25 commercial 
American Cheddar cheeses fell in the above group. Because of the very 
unique properties of tyramine, the implications and significance of the 
presence of such amounts in cheese should pose some very interesting 
questions for future study and should prove to be a fertile field for inves- 
tigation. 

Compounds other than tyramine and tyrosine, but containing the same 

characteristic phenolic hydroxyl grouping, if present, also would give a posi- 
tive Millon test. These compounds would include tyrosol, p-hydroxy- 
phenyllactie acid, p-hydroxyphenylacetie acid, thyroxine, dopa, phenol- 
phthalein, phenol, salicylic acid and thymol. However, practically all of 
these compounds can be ruled out either as being insoluble in ether or as 
never having been reported to be found in cheese. If free phenol 
were present, it would be removed by the acid ether extraction. Never- 
theless, to make certain that tyramine actually was being obtained, a diben- 
zoyl derivative of it was isolated and purified from cheeses after standard 
extraction by the method. 
_ The initial 5-hour acid extraction was introduced in the method to 
remove fat and fatty acids. At the end of this period most of the fat will 
be extracted, thus ruling out fat as an experimental factor, and no tyramine 
will be extracted. This was true for all Cheddar cheeses which are ex- 
tracted at a pH range of 5.0 to 5.8, but in the case of well broken-down 
cheeses such as Liederkrantz, where the pH was higher, some tyramine was 
recovered. In the actual analyses these initial recoveries of tyramine were 
added into the total. 

The method as applied to cheese usually produced results on duplicate 
samples with an experimental error of less than 3 per cent. Results below 
50 y per g. produced a larger experimental error. However, as the range of 
values was from 25 y to more than 2,000 y, this variation was not important. 

Several precautions should be stressed. Unless the extraction rate is 
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very slow at the beginning, a stable sludge or emulsion will occur in the 
ether of the extraction tube, finally increasing in amount to such a point 
that it will carry over into the receiver tube. If this happens, a complete ~ 
re-extraction must be begun. To overcome this emulsification effect it 
has been found feasible to conduct the extraction for the first 12 hours at a 
rate of not more than 40 drops per minute. If an emulsion has formed 
but has not gone through the side arm, the extraction tube may be disen- 
gaged and the thimble removed, after which the extraction tube is placed in 
the warm oil until the emulsion has settled. After slight cooling of the tube, 
the thimble is replaced, more ether is added, and the extraction process 
is continued. Other factors which have been observed to aid in forming 
this emulsion are the presence of green cheese and the extraction of 
greater amounts of cheese than that recommended here. 

The final acid solution in the receiver tube usually is clear. If the 
solution contains protein particles carried over by the emulsion, usually 
easily visible, the results will be in error and cannot be used. Also, the 
ether must be completely boiled off ; failure to do this will increase turbidity 
and will provide erroneous results. A blank should be run on reagents. 


SUMMARY 


A method for separating tyramine from tyrosine and for estimating the 
concentration of the former substance was applied to cheese. This method 
involved the use of a continuous ether extractor and the employment of the 
Millon reagent using a colorimeter. 

Twenty-five samples of commercial American Cheddar cheese of differ- 
ent age and history were tested for tyramine. All were found to contain 
tyramine in varying degrees of concentration. The average for these 
samples was 384 y per g. or 0.0384 per cent; the highest concentration was 
1,199 y per g. or 0.1199 per cent, and the lowest was 25 y per g., or 0.0025 
per cent. 

A large number of miscellaneous varieties of ripened types of commer- 
cial cheese were tested for tyramine. Again, all samples were found to con- 
tain tyramine in varying concentrations. The largest amount was found in 
a Liederkrantz cheese which had a concentration of 1,683 y per g., or 0.1683 
per cent, while the smallest amount was found in a Roquefort cheese with 
a concentration of 48 y per g. or 0.0048 per cent. The analyses were not 
sufficiently extensive to establish differences due to cheese variety. 

Tyramine was isolated from a sample of Cheddar cheese by this method, 
purified, and identified as the dibenzoyl derivative. 
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THE RELATIONSHIP OF THE AMOUNT OF TYRAMINE AND THE 
NUMBERS OF STREPTOCOCCUS FAECALIS TO THE INTEN- 
SITY OF FLAVOR IN AMERICAN CHEDDAR CHEESE? 


A. C. DAHLBERG anp F. V. KOSIKOWSKY 
Department of Dairy Industry, Cornell University, Ithaca, New York 


The three previous papers in this series (3, 7, 8) have shown that the 
flavor of experimental American Cheddar cheese was intensified by Strepto- 
coccus faecalis starter, that this bacterium grew and survived in large num- 
bers in cheese, and that tyramine, a product of growth of S. faecalis in the 
presence of tyrosine, was found in all varieties of cheese that were analyzed. 
Problems naturally arose concerning the effect of the presence of 8. faecalis 
on the production of tyramine in cheese and any relationship that might 
exist between the tyramine content of commercial American Cheddar 
cheese and the intensity of the Cheddar flavor. 


EXPERIMENTAL PROCEDURE 


When the cheese from earlier experiments (3) was 5 months old, it’ was 
analyzed for tyramine. The flavor intensity of this cheese had been re- 
corded as scored, but the scoring occurred on various days and the samples 
were not compared together as a lot at any time. Hence, some variation 
in flavor ratings must be expected due to the personal factor. The obvious 
relationship of tyramine to flavor intensity prompted further study. 

Samples of good commercial Cheddar cheese were selected by several 
cheese companies to give flavor of varying intensity. These samples came 
from Wisconsin, Illinois and Missouri. A few samples were selected by 
one of the authors at factories in New York State. One sample of cheese 
made at Cornell University from raw milk was used; this sample was 10 
years old. After all of the samples were on hand, they were arranged in 
order of intensity of flavor by three experienced judges. In several in- 
stances, the character of the flavor was such that it was difficult to place the 
cheese exactly. For example, cheese $25 possessed some Swiss cheese flavor 
which interfered with judgment of the intensity of Cheddar flavor. 

Data were obtained on the age of the cheese, and curing temperatures 
usually were available. The manufacturer also stated whether the cheese 
had been made from raw or pasteurized milk. The cheese was tested for 
phosphatase by the method of Sanders and Sager (9), soluble and total 

Received for publication December 10, 1947. 
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protein (2, 10), volatile acids (6), pH, moisture, salt, titratable acidity, 
total bacterial count by the standard plate method (1), total enterococcus 
count (13), and S. faecalis identified by characteristics given by Sherman 
(11). The titratable acidity was determined by weighing out 3 g. of cheese, 
macerating with 10 ml. warm water in a white dish, titrating with 0.1N 
alkali with phenolphthalein as indicator, and calculating the results to per- 
centage of lactic acid. 
RESULTS 

The experimental cheese made with lactic starter and aged 5 months 
showed the lowest tyramine content, averaging 38 y per g., and the mildest 
Cheddar flavor (table 1). Cheese made with both commercial lactic and 
S. faecalis starters developed the highest tyramine content, 786 y per g., 


TABLE 1 


The tyramine content and intensity of flavor of experimental 
American Cheddar cheese made with commercial lactic and 
S. faecalis starters, ripened about 5 months 


Curing tem: Tyramine lever 
Cheese no. uring temperature yr intensity 
(°F) (y/9-) 
Commercial lactic starter 
10464 50 21 medium— 
10464 60 87 medium + 
10468 50 4 mild 
10468 60 40 medium 
Commercial lactic and S. faecalis starters 
10464 50 367 medium + 
10464 60 1397 sharp— 
10468 50 333 medium 
10468 60 1049 medium + 
S. faccalis starter 
10464 50 170 medium 
10464 60 830 sharp— 
10468 50 122 medium—_ 
10468 60 302 medium + 


and the most pronounced Cheddar flavor. The cheese with S. faecalis 
starter alone contained 356 y of tyramine per g. Very little tyramine was 
produced in cheese made from pasteurized market milk with ordinary lactic 
starter, whereas S. faecalis starter produced large amounts of tyramine. 
It may be observed also that there is an associated action between the two 
starters, which results in the production of more tyramine and slightly more 
flavor than obtained by S. faecalis alone. The acceleration of tyramine 
production at 60° F. as compared with 50° F. may be noted, and will be 
considered further in a subsequent paper. 
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Some variation in the exact relationship was noted in individual 
samples, but the intensity of the flavor of Cheddar cheese increased as the 
tyramine content increased (fig. 1). The trend line, drawn empirically, 
not only shows the trend but also, with one exception, divides the figure so 
that all samples of cheese above the line were cured at 50° F. and those 
below the line at 60° F. This observation means that the rate of flavor 


O RIPENED AT 50°F. 
@ RIPENED AT 60°F. 


l | 
MILD MILD+ MEDIUM- MEDIUM MEDIUM+ - SHARP 


INTENSITY OF CHEDDAR FLAVOR 


Fic. 1. The relationship between tyramine content and intensity of flavor of 
experimental Cheddar cheese made with commercial lactic and S. faecalis starters. 
(Ripened about 5 months.) 
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development at 60° F. was relatively more rapid than the increase in tyra- 
mine when compared with the rate of increases at 50° F. 

The data on the 24 samples of commercial Cheddar cheese and one 
sample of old cheese made at Cornell University are preseuted in tables 2 
and 3. The cheeses were grouped into units of five on the basis of flavor 
intensities; thus numbers 1 to 5 included the five sharpest flavored cheese 
in the experiment (table 4). There were fifteen raw milk cheese, six 
made from pasteurized milk and four were underpasteurized (table 2). 
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Although cheese must be aged to develop flavor, the relationship between 
age and intensity of flavor was not very exact. The cheese that was 120 
months old was highest in flavor, but a 6-month-old cheese was the mildest. 
in flavor, being less cured than some cheese only 1.5 months old (table 2). 
The summarized data show that the ten strongest flavored cheese were old- 
est, but the next 15 cheese were rather uniform in age (table 4). 

It is known that the pH of cheese increases with age. Apparently varia- 
tions in individual cheese exceeded the effect of aging upon pH or any pos- 
sible relationship of intensity of flavor to pH (tables 2 and 4). The average 
pil was near 5.2, the highest flavored group averaged 5.5, and the pH of all 
samples varied from 5.03 to 5.70. The titratable acidity varied from 1.71 
for the mildest flavored cheese to 4.87 for that with the strongest flavor. 


TABLE 4 


The age, acidity, soluble protein, and tyramine content of commercial American 
Cheddar cheese grouped in units of 5 on the basis of flavor intensity 


of 

Order of Titra- % total 
flavor pH table soluble | protein 
intensity acidity protein that is 

soluble 
(ml. 0.1 N 

acid/100 g.) (y/9-) 
1- 5 44.1 5.51 3.49 63.7 11.0 43.6 1258 
6-10 14.6 5.25 2.97 35.0» 8.5 33.1 598 
11-15 6.1 5.24 2.49 33.6 6.0 24.3 226 
16-20 4.6 5.14 2.26 22.4 4.9 22.9 115 
21-25 5.2 5.27 1.96 18.8 4.4 19.8 54 


The higher the titratable acidity of cheese, the more intense the 
cheese flavor (table 4); even the results on individual samples of cheese 
were noticeably consistent. There was no striking exception to this general 
relationship (table 2). 

No significance was attached to the moisture contents, which varied from 
29.8 to 39.0 per cent, and to the salt contents, which varied from 1.2 to 2.0 
per cent. 

Although previous studies by the authors (3) had established no definite 
relationship between the intensity of flavor of Cheddar cheese and volatile 
acidity or water soluble protein, this work was repeated in this study. In 
a general way, in average grouped data, the volatile acidity and soluble 
protein values increase with increased flavor (table 4), but this relation- 
ship does not hold for individual samples (table 3). For example, the 
cheese wth the fourth sharpest flavor and the cheese that was twenty-third 
in flavor intensity both had volatile acids per 100 g. equivalent to 24.9 ml. 
0.1 N alkali. The volatile acidity ranged from 16.2 to 173.3. The soluble 
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protein varied from 3.0 to 12.6 per cent, and the percentage of the total 
protein that was water soluble varied from 13.3 to 57.3 per cent, with 
noticeable exceptions to a definite correlation to flavor intensity in individ- 
ual samples. 

The data show a definite relationship of increased tyramine content 
and increased flavor. In the individual samples of cheese, the strong- 
est flavored Cheddar cheese contained 2,330 y of tyramine per g., and the 
twenty-fifth cheese in flavor intensity, the mildest of all flavors, had only 
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PERCENTAGE OF TYRAMINE IN CHEESE 


TYRAMINE IN GAMMA PER GRAM OF CHEESE 


INTENSITY OF CHEDDAR FLAVOR 


Fic. 2. The relationship between tyramine content and intensity of flavor of com- 
mercial American Cheddar cheese. 


25 y of tyramine (table 3). The tyramine ratio of these cheeses was 93 to 1. 
A close relationship between the tyramine content and intensity of flavor 
of individual samples of cheese is shown in figure 2. When one considers 
that there was no control over the quality of milk, method of manufacture, 
starter, time and temperature of ripening, and other factors of possible 
significance, the relationship is exceptionally good. The relationship be- 
tween the tyramine content and flavor intensity was a direct semilogarithmic 
one. On the basis of groups of cheese as units of five in order of flavor 
intensity, the gamma of tyramine per gram was doubled for each group 
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(table 4). Tyramine added to fresh cheese curd did not give Cheddar 
cheese flavor and it did not aid the development of flavor during ripening. 

The total bacterial counts on the cheese were made with standard tryp- 
tone-glucose-extract-milk agar, but the plates were incubated at 32° C. for 
4 days to obtain maximum counts. The total bacterial counts per gram of 
cheese ranged from 1 million to 623 million. Counts also were made with 
the penicillin-azide medium of White and Sherman (13) and these courts, 
considered to be chiefly enterococci, ranged from less than 100,000 to 265 
million. From each plate count for enterococci, 20 colonies were isolated 
and the number of S. faecalis determined, except for the possibility of con- 
fusion with Streptococcus zymogenes, which is not common in milk. The 
S. faecalis count was calculated from the proportion of the colonies which 
proved to be S. faecalis. The S. faecalis count varied from less than 20,000 
to 159 million per g., and S. faecalis actually was isolated from 18 of the 25 
samples of cheese. There appeared to be no correlation between bac- 
terial counts and flavor intensity, and this observation was expected and in 
accordance with several previous publications. 


DISCUSSION 


It has been shown that there is a direct relationship between the tyra- 
mine content of American Cheddar cheese and the intensity of its flavor. 
The correlation was better for good commercial cheese selected at random 
than for experimental cheese made from good pasteurized market milk 
with special cultures and cured at different temperatures. Tyramine added 
to cheese curd did not give the Cheddar flavor, so tyramine is not the flavor 
compound. The amount of tyramine indicated the extent of activity of 
S. faecalis and probably of other bacteria, such as certain strains of the 
lactobacilli, which possibly may produce tyramine (4, 5). The numbers of 
these bacteria may increase in the early stages of cheese ripening and 
then decrease, so that these numbers at any one time may not be too sig- 
nificant. 

The growth of S. faecalis in cheese produces Cheddar flavor, but this 
is only one source of flavor. That other factors are involved is indicated 
by the development of some Cheddar flavor in cheese with amounts of tyra- 
mine too small to indicate much growth of S. faecalis, and by the more 
rapid production of flavor than of tyramine at 60° F. when compared to 
50° F. Flavor with low tyramine content always was flat, irrespective of 
age of the cheese. : 

S. faecalis and lactobacilli should be present in all raw milk Cheddar 
cheese, as these bacteria occur universally in raw milk. Both types of 
bacteria are involved in cheese ripening. S. faecalis is thermoduric, al- 
though survival numbers are not great, and about half of the lactobacilli 
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are not destroyed by pasteurization (12). Hence, pasteurized milk cheese 
cures slowly, as does cheese made from very low-count raw milk. The sur- 
vival of S. faecalis and lactobacilli during pasteurization must be an im- 
portant factor in present day curing of pasteurized milk cheese. The small 
numbers of these bacteria are increased by warmer curing temperatures. 

It was reported in the first paper in this series (3) that cheese made 
with lactic and 8. faecalis starters developed more flavor tlian cheese made 
with either starter alone, and that the flavor with lactic starter only was 
especially mild. - This observation was related directly to the production of 
tyramine. Lactic and S. faecalis starters together produced more tyramine 
in cheese than did S. faecalis starter alone, even though the numbers of 
S. faecalis bacteria were greater in the cheese in which this culture alone was 


used, probably due to the larger inoculation in the milk. The lactic starter - 


induced higher flavor development in cheese by its symbiotic action with 
S. faecalis. ; 


SUMMARY 


Experimental American Cheddar cheese made with commercial lactic 
starter from pasteurized milk developed low amounts of tyramine, 4 to 
87 y per g., and flavor of mild to medium intensity in 5 months of curing. 
The combination of lactic and Streptococcus faecalis starters in cheese pro- 
duced the largest amounts of tyramine, 333 to 1,397 y per gram, and flavor 
of medium to sharp intensity. S. faecalis starter alone in cheese produced 
tyramine and flavor between these two extremes. 

In commercial American Cheddar cheese made from raw and pasteur- 
ized milk, eured for varying periods, there was a direct semilogarithmic 
relationship between tyramine content (25 to 2,330 y per g.) and the inten- 
sity of flavor. Of the 25 cheese samyles, 18 gave plate counts on the special 
medium of over 80,000 S. faecalis per g., with the high count of 159 million. 
The S. faecalis bacteria produced the tyramine, although other bacteria 
may contribute. 


Tyramine was not the Cheddar-flavor compound, but served as a means — 


of measuring bacterial activity that accentuated flavor production. The 
activity of bacteria producitig tyramine did not account for all cheese flavor. 

The increase in titratable acidity was related directly to cheese flavor 
intensity, and this relationship, even though subject to considerable varia- 
tion, was too close in individual samples to be accidental. In a general 
way, the increase in volatile fatty acids and water soluble nitrogen was 
related to flavor intensity, but variations in individual samples prevented 
a definite correlation and also established that these changes were incidental 
to flavor development. 
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DETERMINATION OF VITAMIN A IN MILK* 


MELVIN HOCHBERG 
Vitamin Products Laboratory, Nopco Chemical Company, Harrison, New Jersey 


Milk is an important natural source of dietary vitamin A. Recent 
interest in the enrichment of milk has emphasized the need for a simple 
and reliable method of assay for control purposes. Attempts to determine 
preformed vitamin A in milk in this laboratory by several methods found 
in the literature have been unsuccessful. These procedures, although 
reliable for other types of products, gave low recoveries (approximately 
80 per cent of the theoretical) of the added vitamin. In these tests the 
milk was enriched with a vitamin A emulsion similar in composition to 
milk itself.2. The low values may be attributed to a combination of causes, 
including destruction of the vitamin during hot saponification, inadequate 
cold saponification, loss due to adsorption on the milk protein, inefficient 
extraction, or failure to take into account the effect of inhibitors in the 
antimony trichloride reaction. 

In the present study, vitamin A in milk is determined quantitatively by 
a method which involves cold saponification with potassium hydroxide, 
extraction of the vitamin with diethyl ether, evaporation of the solvent, an7 
solution of the residue in chloroform.* The vitamin then is allowed to 
react with antimony trichloride and the resulting blue color measured in 
an Evelyn photoelectric colorimeter. The effect of compounds which in- 
hibit the color formation is evaluated by means of an internal standard. 

The importance‘ of adequate, cold saponification in the analysis of milk 
for vitamin A has been recognized by other investigators (1). The use of 
the internal standard has been described (5) and has received considerable 
attention in the development of analytical procedures for the determina- 
tion of vitamin A in enriched margarine. 


METHOD 
Reagents 


Aldehyde-free alcohol. Reflux 11. of 95 per cent ethyl alcohol with 10 g. 
of potassium hydroxide on a steam bath for 5 hours and then cool. Add 
0.5 g. granulated aluminum and distill on a steam bath. Prepare fresh 
each month. 

Received for publication January 29, 1948. 

*Contribution from the Vitex Department, Vitamin Division, Nopeco Chemical Com- 
pany, Harrison, New Jersey. 

* The concentrate used for enrichment consisted of a butter oil solution of vitamin 
A, homogenized with water and skim milk solids. 

* The saponification, extraction, evaporation, and washing steps are essentially those 
employed in the laboratory of the Wisconsin Alumni Research Foundation. The details: 
of the method were kindly supplied by Dr. Carl H. Krieger. 
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Sixty per cent potassium hydroxide solution. Dissolve 60 g. of potas- 
sium hydroxide in 40 ml. of distilled water. 

Antimony trichloride reagent. Grind 250 g. of antimony trichloride 
with 250 g. of anhydrous sodium sulfate. Suspend the mixture in 1,000 
ml. of freshly redistilled chloroform, stir mechanically for 15 minutes, 
filter through rapid paper, and store in the dark in a glass-stoppered. 
amber bottle. The reagent is stable for at least 1 month. If turbid, filter 
again immediately before use. 

Saturated sodium chloride solution. Suspend 800 g. of sodium chloride 
in 2,000 ml. of water, stir mechanically for 15 minutes and allow to stand 
overnight to assure saturation. 

Ethyl ether. Distill U.S.P. ethyl ether freshly each day. 

Chloroform. Distill C.P. grade chloroform freshly each day discarding 
the first 10 per cent of the distillate.‘ 

Vitamin A standard. Dissolve 100 mg. of U.S.P. vitamin A Reference 
Standard (10,000 U.S.P. units per g.) in 100 ml. of freshly redistilled 
chloroform. This solution contains 10 U.S.P. units of vitamin A per ml. 
and is prepared fresh each day. 

Acetic anhydride. Use C.P. grade. 


Special Apparatus 

Separatory funnels. Three 500-ml. pear-shaped separatory funnels 
are required. 

Evelyn photoelectric colorimeter (macro) with matched colorimeter 
tubes. This instrument is manufactured by the Rubicon Company, Phila- 
delphia, Pennsylvania. 

Rapid delivery pipette. This may be prepared by cutting the tip from 
a 10-ml: volumetric pipette, leaving an opening about 2 mm. in diameter. 
The pipette need not be recalibrated. 


Procedure 


To 100 ml. of milk in an amber Erlenmeyer flask are added 50 ml. of 
aldehyde-free alcohol and 10 ml. of 60 per cent potassium hydroxide. The 
suspension is mixed and allowed to stand overnight in a dark cabinet. In 
the morning the sample is transferred to a 500-ml. amber separatory 
funnel. The flask is washed consecutively with 40-, 40-, and 20-ml. por- 
tions of distilled water and once with 100 ml. of redistilled ether. The 
washings are added to the separatory funnel. The latter is shaken thor- 
oughly and then allowed to stand until a sharp separation of the phases is 


‘Occasionally samples of chloroform are obtained which are unsatisfactory as 
solvents for vitamin A. The vitamin standard solution in chloroform should show less 
than 5% decomposition when stored for 24 hours in the dark. 
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observed. The lower layer is drawn off into a second separatory funnel. 
This is shaken with 75 ml. of ether. After the phases have separated, the 
lower (aqueous) layer is drawn off into a third separatory funnel. The 
ether layer is added to the extract in the first funnel, along with a 25-ml. 
ether wash. The aqueous phase is re-extracted twice more with 75- and 50- 
ml. portions of ether, respectively. The ether phases all are combined in 
the first separatory funnel and are washed four times with 100-ml. portions 
of distilled water. To prevent the formation of emulsions, the first two 
washings merely are poured through the ether, without shaking, and then 
drawn off. The funnel is shaken gently during the third washing and 
vigorously during the fourth. Sufficient time for complete separation of 
the phases must be allowed at all times. Finally, the ether extract is washed 
twice with 75-ml. portions of saturated sodium chloride solution, shaking © 
vigorously each time. The last salt solution is separated sharply from the 
ether phase. 

The ether extract is transferred to a 500-ml. amber distilling flask con- 
- taining two or three glass beads. The separatory funnel is rinsed with 
25 ml. of redistilled ether and the wash added to the flask. The ether is 
removed by distillation on a steam bath until approximately 5 ml. remain 
in the flask. The remainder is evaporated off at room temperature with 
the aid of a stream of carbon dioxide. While still under the inert atmos- 
phere, the vitamin A in the residue is dissolved immediately in sufficient 
chloroform to produce a concentration of approximately 10 U.S.P. units 
per ml. 

Into a series of labeled Evelyn colorimeter tubes in a wooden rack are 
pipetted 2 ml. of chloroform solvent (tube A), 1 ml. of chloroform extract 
of sample +1 ml. of chloroform solvent (tube B), and 1 ml. of chloroform 
extract of sample +1 ml. of chloroform solution of vitamin A standard 
(tube C)." 

To tube A, one drop of acetic anhydride is added, followed by 10 
ml. of antimony trichloride reagent, the latter from the rapid delivery 
pipette.° The colorimeter, containing a 620 my filter, then is set at 100 per 
cent transmission with the solution in tube A. The tube is removed and 
the ‘‘center setting’’ noted. The latter is employed to reset the instrument 
before each subsequent reading. 

Tube B is placed in the instrument, one drop of acetic anhydride is 
added, and 10 ml. of antimony trichloride reagent are added rapidly. 
The galvanometer needle first fluctuates rapidly, ‘‘pauses’’ for a second or 
two, then drifts slowly as the blue color fades. The per cent transmission 
at the pause point is recorded. Tube C is measured similarly. 

5 Because antimony trichloride solution is extremely sensitive to moisture and is 
corrosive, it must be pipetted with a rubber bulb, not by mouth. 


| 
| 4 
q 


318 MELVIN HOCHBERG 


Because of difficulty in observing the pause point and in order to obtain 
reliable results, tubes B and C are set up and measured in triplicate, and 
the average per cent transmission of each determined. The latter (G@) is 
converted to photometric density (L=2-—log G), employing the chart 
provided with the instrument. The vitamin A content of the milk sample 
is caleulated employing the formula: 
ae 10 x n* 946 = U.S.P. units of vitamin per quart. 

(V =ce. of chloroform solution of unsapouifiable extract) 


EXPERIMENTAL RESULTS AND DISCUSSION 
The colorimetric method as described by Oser et al. (5) has been em- 
ployed successfully in these and other laboratories for the determination 


TABLE 1 


Recovery tests of vitamin A added to milk, employing 
previously published procedures (1, 5)4 


Pesssiens Milk sample Vitamin A Total vita- Vitamin A 
added min A found | recovered 

(USP units per qt.) | (%) 

Boyer et al. (1) Jan. milk, 0 960 sata Poe 

homogenized 2000 2560 1600 80 

4000 3970 3010 75 

6000 6190 5230 ae 

Oct. milk, 0 

eream-line 4000 4270 3250 81 

Oser et al. (5) Oct. milk, 0 3620 

homogenized 4000 4800 3290 83 

Oct. milk, 0 1420 

homogenized 4000 4700 3280 82 

eream-line 4000 4580 3260 82 

Oct. milk, 0 

homogenized - 4000 4400 3200 | 80 


a For each recovery test, the vitamin was added directly to the milk immediately 

before the analysis and the enriched sample was carried through the entire determina- 

tion. The concentrate employed for enrichment consisted of a solution of vitamin A 
esters in butter oil, homogenized with water and skim milk solids. 


of vitamin A in a wide variety of food products. Boyer et al. (1) have 
applied the antimony trichloride reaction to the analysis of milk. The 
recent interest in the enrichment of milk with vitamin A prompted an 
examination! of the reliability of these procedures. The results of these 
tests are presented in table 1. Milk samples were enriched with vitamin 
A at the levels indicated, employing a concentrate similar in composition 
to milk itself. This concentrate consisted of a solution of vitamin A 
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esters in butter oil, homogenized with water and skim milk solids, and 
contained 30,000 U.S.P. units per ml. The blank and enriched samples 
were analyzed immediately according to the published procedures. Ap- 
proximately 80 per cent of the added vitamin was recovered in each case. 
Because of the physical nature of milk, the complete extraction of its fat- 
soluble constituents is particularly difficult. Therefore, it is not surprising 
that the determination of vitamin A in milk requires a special technique. 

Similar recovery tests, employing the procedure described in the present 


TABLE 2 
Recovery tests of vitamin A added to milk employing present procedurea 
Milk sample Vitamin A added | Total vitamin A found | Vitamin A recovered 
(USP units per qt.) (%) 
A 2000 3270 1960 98 
Oct. milk, 4000 5500 4190 105 
homogenized 6000 6970 5660 94 
B 
eream-line 4000 5250 4050 101 
Oct. milk, 0 1070 
eream-line 4000 4970 3900 98 
D 
homogenized 4000 4830 4000 100 
E 
Jan. milk, 920 
cream-line 4000 4950 4030 101 


a For each recovery test, the vitamin was added directly to the milk immediately 
before the analysis and the enriched sample was carried through the entire determina- ° 
tion. The concentrate employed for enrichment consisted of a solution of vitamin A 
esters in butter oil, homogenized with water and skim milk solids. 


paper, are reported in table 2. Recovery values ranged from 94 to 105 
per cent, with an average of 99.6 per cent. 

The use of an internal standard in the determination of vitamin A 
decreases the precision of the analysis. Therefore, some investigators have 
employed a reference curve, obtained with pure solutions, to calculate 
their results or, since the reaction obeys Beer’s law, an external standard 
of 10 U.S.P. units. The data employed in calculating the results reported 
in table 2 demonstrate the importance of the internal standard or incre- 
_ment. These data are presented in table 3. . In a given test extract, the 
photometric density has been found to be proportional to the vitamin A 
content. However, biological materials contain substances which inhibit 
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the reaction, and the constant of proportionality is not the same in all 
extracts. Thus in sample A, the increments due to 10 units of added 
vitamin A were 0.184, 0.174, 0.173 and 0.180, respectively, in the four solu- 
tions tested. Employing the same reagents at the same time, 10 units of 
vitamin A in pure chloroform gave a photometric density of 0.201. Thus, 
the use of a reference curve in calculating the vitamin A content of the above 
samples would give values erroneously low by approximately 13 per cent. 
Samples B and C likewise, required the internal standard. On the other 
hand, either method of calculation could be employed with D and E. The 


TABLE 3 
Importance of the internal standard 
Photometric density 
— Vitamin A added 
itamin A adde 
sample Tube B Tube C Internal External 
standarda standardb 

(USP units per qt.) 
0 0.102 0.286 0.184 0.201 
A 2000 0.240 0.414 0.174 0.201 
4000 0.201 0.374 0.173 0.201 
6000 0.177 0.357 0.180 0.201 
B 0 0.047 0.233 0.186 0.199 
4000 0.184 0.362 0.178 0.199 
Cc 0 0.043 0.233 0.190 0.204 
4000 0.182 0.364 0.182 0.204 
D 0 0.036 0.240 0.204 0.204 
4000 0.189 0.387 | 0.198 0.204 
E 0 0.039 0.238 0.199 0.204 
4000 0.184 0.387 0.203 0.204 


a Photometric density due to the reaction of antimony trichloride with 10 USP 
units of vitamin A added to the chloroform solution of the unsaponifiable extract of 
the milk sample. : 

b Photometric density due to the reaction of antimony trichloride with 10 USP 
units of vitamin A in chloroform. 


importance of the internal standard also has been established in the deter- 
mination of niacin (4) and pyridoxine (3). 

If the total vitamin A content of unenriched milk is of interest, p- 
carotene should be determined in the extract by carefully evaporating off 
the ethyl ether, taking up the residue in petroleum ether, and fractionating 
the pigments with diacetone aleohol (2). As much as one-fourth of the 
total vitamin A potency of unenriched milk is due to carotene, although 
in the ease of summer milk from Guernsey cows, almost 50 per cent may be 
present as the provitamin (1). In milk enriched with preformed vitamin 
A, these proportions are considerably smaller. 
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Though carotene reacts with antimony trichloride to form a blue pig- 
ment, this does not interfere appreciably in the determination of the pre- 
formed vitamin because of differences in the rates and sensitivities of the 
two reactions. The photometric density at 620 mp due to one U.S.P. unit 
of £-carotené is only one-twelfth that due to one U.S.P. unit of preformed 
vitamin A 4 seconds after the addition of antimony trichloride reagent 


(5). 
SUMMARY 


1. Vitamin A in milk was determined quantitatively by cold saponi- 
fication with potassium hydroxide, extraction wth diethyl ether, evapora- 
tion of the solvent, and solution of the residue in chloroform. The blue 
eolor formed by reaction with antimony trichloride was measured in a 
photoelectric colorimeter. 

2. Theoretical recoveries of added vitamin A were obtained. The con- 
centrate employed was a solution of vitamin A in butter oil, homogenized 
with water and skim milk solids. Two other procedures for the determina- 
tion of vitamin A gave recoveries of only 80 per cent. 

3. Colorimetric evaluation of the vitamin A content of the final extract 
included the use of an interne] standard. Calculations based upon a refer- 
ence curve obtained in pure solutions gave low recovery values in some 
samples. 
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ABSTRACTS OF LITERATURE 
BOOK REVIEWS 


111. Annual review of microbiology. Vol. I. C. E. Cuirron, editor. 
404 pp. $6.00. Annual Reviews, Inc., Stanford, Calif. 1947. 


This volume initiates another series in the tradition of the ‘‘ Annual 
Review of Biochemistry’’ and the ‘‘ Annual Review of Physiology’’. Each 
chapter is written by one or more specialists in that particular field. The 
chapter on Bacterial Metabolism is reproduced from the current volume of 
‘‘Annual Review of Biochemistry’’. Although much of the material 
covered is primarily of interest to specialized medical bacteriologists, the 
chapters on Bacterial Metabolism, Nitrogen Metabolism, Industrial Fer- 
mentations and Quaternary Ammonium Compounds contain considerable 
material of interest to those in the dairy industry, particularly dairy bac- 
teriologists. Those concerned with animal health will be interested in the 
chapters on Antibiotics, Chemotherapeutic Agents, Immunochemistry, 
Some Aspects of Active Immunization and probably several others. The 
indexing of the book seems very satisfactory, and the numerous literature 
references permit the reader to consult the original publications with a 
minimum of difficulty. F.E.N. 


112. Advances in enzymology. Vol. VII. F. F. Norp, editor. 665 pp. 
$8.75. Interscience Publishers, Inc., New York, N. Y. 1947. 


The broad viewpoint of this volume is indicated by the fact thai 5 of 
the 12 chapters are written by men from European countries. The ap- 
proach definitely is fundamental, as each chapter covers in considerable 
detail the status of present knowledge in a comparatively restricted field. 
The chapters are titled: Permeability and Enzyme Reactions; The Prop- 
erties of Protoplasm with Special Reference to the Influence of Enzymic 
Reactions ; Recent Views on Asymmetric Synthesis and Related Processes ; 
Some Applications of Radioactive Indicators in Turnover Studies; Bac- 
terial Luminescence; Heme-linked Groups and Mode of Action of Some 
Hemoproteins; Distribution, Structure, and Properties of the Tetrapyr- 
roles; Oxidation of Organic Sulfur in Animals; Interrelations in Micro- 
organisms between Growth and the Metabolism of Vitamin-like Substances ; 
Antibacterial Substances from Fungi and Green Plants; Kidney Enzymes 
and Essential-Hypertension ; and Recent Progress in Industrial Fermenta- 
tion. In addition to the literature citations for each chapter, author and 
subject indices for this volume and cumulative author and subject indices 
(only for chapter titles and chapter authors) for the 7 volumes published 
to date are included. F.E.N. 
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BACTERIOLOGY 


113. Microbiological assay for riboflavin, H. A. Kornsere, R. 8S. LAne- 
DON, AND V. H. CHELDELIN, Dept. of Chem., Oregon State Coll., 
Corvallis. Anal. Chem., 20, 1: 81-83. Jan., 1948. 


Riboflavin is determined using Leuconostoc mesenteroides 10,000. The 
response of the organism to riboflavin permitted the development of an 
assay method which is sensitive to 0.0001 y of the vitamin per ml. Good 
agreement is obtained among riboflavin values of samples assayed at dif- 
ferent levels as well as good recoveries of added riboflavin. Determina- 


tions may be made turbidimetrically after 14 hr. or titrimetrically after 72 
hr. B.H.W. 


BUTTER 


114. Influence of separator cleanliness-storage temperature on cream 
quality. J. M. JENSEN A. L. Bortree, Mich. State Coll. Am. 


Butter Rev., 9, 5: 10, 12, 14, 16. 1947. 


Cream from clean bowls held at 92 score for 72 hr. when stored at 53° 
F., while that from dirty bowls held a 92 score only 48 hr. When stored 
at 63° F., cream from the clean bowl had an average flavor score of 90.3 
after 72 hr., while that from dirty bowls was maintained at 90 score for 
only 48 hr. Cream held at 73° F. and separated from the dirty bowl 
stored at 73° F. maintained a 90 flavor score for only 24 hr. Essentially as 
much acid was developed in 24 hr. with cream stored at 73° F. as was 
developed in cream stored at 53° F. for 96 hr. 

Frequent delivery of cream, clean separators, and proper cooling are es- 
sential to quality cream production. Of the 3 conditions, proper cooling 
is by far the most important; temperatures of 53° F. or less are advisable. 
When cream was stored in a household refrigerator at 40° F., control of 


acidity development and flavor deterioration was satisfactory up to 96 hr. 
P.S.L. 


115. Sediment testing of cream. A. W. Rupnicx, Iowa State College, 
Ames. Am. Butter Rev., 9, 12: 22, 24. 1947. 


Samples for sediment testing other than those taken off the bottom of 
unstirred cans of cream are unsatisfactory. The following procedure has 
been developed to facilitate proper sediment testing of cream. Using an 
off-bottom tester without pad, the sample is taken from the bottom before 
the can is stirred. The sampie then is discharged into a suitable vessel and 
mixed with 12 to 16 oz. of filtered water. A pad is placed in the tester 
and as much of the mixture drawn up as possible and discharged. The 
operation then is repeated with the remainder of the sample without 
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changing the pad. In some cases it may be necessary to dilute the sample 
with additional water. P.S.L. 


116. The dual use of the vacreator. G. H. Witster. Oregon State Coll. 
. Am. Butter Rev., 5, 13: 28, 30, 32. 1946. 


A comparison was made at Oregon State College of butter from 86 
churnings of cream from each of 2 pasteurization methods. Butter from 
eream pasteurized in the vacreator had an average score 0.83 point higher 
’ than butter from cream pasteurized by the vat method. Destruction of 
bacteria was more complete with the vacreator system of pasteurization. 
Similar experiments were carried on by the University of Manitoba and 
Iowa State College. At the University of Manitoba, in 153 comparisons, 
all but 8 churnings resulted in a higher flavor score when the vacreator 
system of pasteurization was used. Experimental results at Iowa State 
showed butter made from vacreator-pasteurized cream to have an average 
score 0.97 point higher than butter made from vat-pasteurized cream. 

A study also was made at Oregon State as to the possibilities of pas- 
teurizing ice cream mix with the vacreator. Ice cream of highly satis- 
factory flavor, body, texture, and melt-down characteristics was made from 
mix prepared by condensing the required skim milk to the proper density 
through the use of the vacreator, adding the other mix ingredients to the 
condensed skim milk, and subjecting the mixture to homogenization, 
vacuum pasteurization with the -vacreator and cooling. The thermal ef- 
ficiency of the Oregon State unit was 50.3%, but it is estimated that it 
could have been 85% had an efficient heat exchanger been used. The cost 


of removing water from skim milk was caleulated to be 0.193 cent per Ib. 
P.S.L. 


117. Cream separator. C. E. Dearporrr. (Assigned to C. E. Deardorff, 
Ine.) U.S. Patent 2,434,642, Jan. 20, 1948. Official Gaz. U. S. 
Pat. Office, 606, 3: 439. 1948. 


A container for milk is described. It has a horizontal partition so 
positioned that the upper compartment thus formed is of such volume that it 
contains substantially all of the cream. A flap is atteched to the under 
side of the partition which closes a hole in said partition when the container 
is tipped in a designated directon. The skim milk is retained in the lower 
compartment by the flap sealing the opening, while the cream is poured 
out of the upper compartment through a hole in the top. R.W. 


CHEESE 


118. Manufacture of cottage cheese. A. A. ScHock, S. Dak. State Coll., 
Brookings. Milk Dealer, 37, 2: 48, 49, 108-12. Dec., 1947. 


A detailed description of the manufacture of cottage cheese by the 
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rennet method is given. Use of this method results in from 3 to 5 lb. more 
cottage cheese per 100 lb. of skim milk than is obtained by coagulating the 
skim milk entirely by the use of starters. The defects of cottage cheese and 
their causes are discussed. C.J.B 


119. Manufacture of cottage cheese from nonfat dry milk solids. W. H. 
E. Rerp anp M. O. Mauauan, Univ. of Mo., Columbia. Milk Dealer, 
37, 1: 48, 136-138. Nov., 1947. 

A new method of making cottage cheese from dry milk solids is de- 
seribed in detail. The method was developed by making more than 100 
batches of cheese, using dry milk from 11 different manufacturers, and 
then checking the process on a commercial scale at 2 dairy plants. The 
readily available supply of spray process nonfat dry milk solids is used, en- 
abling milk dealers to offer their customers a high-quality cottage cheese 
at all seasons of the year. C.J.B. 


CONCENTRATED AND DRY MILK; BY-PRODUCTS 


120. Manufacture of cultured buttermilk. A. A. ScHock, S. Dak. State 
Coll., Brookings. Milk Dealer, 37, 1: 140-148. Nov., 1947. 

Detailed instructions are given for the manufacture of: (a) plain or 
cream type buttermilk, made from skim milk or mixtures of whole milk and 
skim milk having a fat content of approximately 2%; (b) fat granule or 
fat flake-type buttermilk, which is plain type cultured buttermilk containing 
butterfat granules; and (c) cultured buttermilk from reconstituted skim 
milk. Instructions for using the creatine test for determining flavor 
production of cultures also are given. C.J.B. 


DISEASES 


121. Research and control of mastitis in New York State. H.C. Hopazs, 
Vet. Coll., Ithaca, N. Y. Milk Dealer, 37, 1: 86-89. Nov., 1947. 


Surveys made of more than 300 herds and 9,000 cows in New York 
State since April 1, 1946, show that the percentage of cows infected with 
pathogenic organisms usually associated with bovine mastitis is well over 
35%, with around 25% of the cows infected showing the presence of strep- 
tocoeci. Hemolytic staphylococeus, coliforms, corynebacterium, and oc- 
easionally species of Pseudomonas also are found. Some herds have 
practically no infection while others show as many as 90% of the cows with 
mastitis. organisms in their udder secretions. 

Early observations indicate that control of bovine mastitis involves three 
closely associated phases of herd management: (a) Diagnosis, know your 
cows; (b) prevention, protect cows from exposure to predisposing factors 


and infection; (c) treatment, use’ judiciously after proper diagnosis. 
C.J.B. 
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122. Scientific discussion on brucellosis at medical milk commission con- 
vention. D. T. Berman, Univ. of Wis., Madison. Certified Milk, 


22,4:4. Aug., 1947. 


In those areas where cattle predominate in the animal industry, Bru- 
cella abortus is a major factor in causing human brucellosis. The test 
and slaughter program has gone about as far as it can go in the eradication 
of this disease. While calfhood vaccination is beneficial, it alone will not 
solve the problem; the most important thing which can be expected from 
ealfhood vaccination in infected herds is time in which to exercise the 
older sanitary procedures of testing, segregation, and elimination, with the 
eventual aim of the development of brucellosis-free herds. 

More research work is needed on the value of repeated vaccinations and 
also on improving the means of distinguishing infected reactors from those 
reacting because of vaccination with strain 19. Further research may show 
that it is possible to keep herds at a high level of resistance by annual vac- 
cination. However, an important factor to consider before adopting re- 
vaccination or vaccination of adults is the possibility of establishing strain 
19 in the udder of the lactating cow and, should this occur, its potential 
significance as a source of brucellosis in humans. W.S.M. 


123. Ketosis (Acetonemia) in dairy cattle. J. C. Saw, Univ. of Mary- 
land, College Park. Certified Milk, 22, 7: 15, 16. Nov., 1947. 


Ketosis, an ailment often mistaken for milk fever, is caused by a de- 
crease in the amount of sugar in the blood rather than a decrease in blood 
calcium. It occurs most frequently in high-producing cows in late winter 
and early spring. Experimental evidence indicates: That a restricted feed 
intake before or after calving, or both, is probably only one of the factors 
causing ketosis; that ketosis is not due to a deficiency of vitamin A in the 
feed ; and that massive doses of methionine, thiamine and other B vitamins, 
when administered both intravenously and orally, have no beneficial effect. 
The recommended treatment is the injection of glucose directly into the 
venous blood, supplemented by the feeding of some form of soluble sugar. 
When the case is difficult to diagnose or when ketosis and milk fever both 
_ are involved, it is wise to inject calcium gluconate followed by a straight 
glucose solution. The urine test alone is not infallible in diagnosing 
ketosis ; it should be used in conjunction with information on the symptoms 
of ketosis. W.S.M. 


FEEDS AND FEEDING 


124. Rumen digestion studies. I. A method of investigating chemical 
changes in the rumen. E. B. Hare, C. W. Duncan, anp C. F. 
HurrMan. Mich. State Coll., East Lansing. J. Nutrition, 34, 6: 
733-745. 1947. 
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Methods of determining digestion coefficients and rate of digestion in 
the rumen are discussed. The bases of calculations for such studies are 
treated in detail. R.K.W. 


125. Rumen digestion studies. II. Studies in the chemistry of rumen 
digestion. E. B. Hatz, C. W. Duncan, ano C. F. Hurrman. Mich.. 
State Coll., East Lansing. J. Nutrition, 34, 6: 747-758. 1947. 


Rumen digestion was studied in cows with fistulas. During the first 6 
hr. following feeding, the predominant digestion was of proteins and carbo- 
hydrate. During the second 6 hr. following feeding, there was a rapid 
digestion of cellulose with digestion of protein and carbohydrate continuing 
at a rate paralleling that of cellulose digestion. Rumen digestion was com- 
plete after 12 hr. Average-coefficients for rumen digestion of roughage 12 
to 14 hr. following feeding were: dry matter 48.4, protein 59.6, nitrogen- 
free extract 65.2, crude fiber 27.2, cellulose 43.4, other carbohydrates 83.0 
and lignin 3.1%. Synthesis of fatty acids in the rumen was demonstrated. 
Apparently there is rapid removal of the fatty acids following their 
synthesis. R.K.W.' 


126. Mineral metabolism studies in dairy cattle. I.. The effect of 
manganese and other trace elements on the metabolism of calcium 
and phosphorus during early lactation. J. T. Rem, K. O. Prav, R. 
L. Satssury, C. B. BENDER, AND G. M. Warp, N. J. Agr. Expt. Sta., 
Sussex. J. Nutrition, 34, 6: 661-676. 1947. 


The effects of Ca, Mn and other mineral supplementation upon Ca and 
P balance were studied during the first 5 months of lactation of 12 cows. 
A ration of grain, corn silage, and timothy-clover hay was supplemented 
with either CaCo;, CaCo; plus MnSO,, or Mico, which was a commercial 
calcium source containing several trace elements. Phosphorus balances 
were not affected appreciably by these supplements. Manganese sulfate 
supplementation. decreased Ca retention, while Mico increased Ca 
retention. R.K.W. 


127. Mineral metabolism studies in dairy cattle. II. Effect of calcium- 
and manganese and other trace elements on the metabolism of 
lipids during early lactation. G. M. Warp Anp J. T. Rew, N. J. 
Agr. Expt. Sta., Sussex. J. Nutrition, 35, 2: 249-255. 1948. 


A study of effects of Ca, Ca plus Mn, and Ca plus Mn and other trace ele- 
ment supplementation upon fecal excretion of lipids was made with dairy 
cows. All groups of cows excreted similar proportions of total lipid in- 
take, as measured by acid hydrolysis and chloroform extraction. How- 
ever, calcium-supplemented animals were observed to eliminate lesser 
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proportions of ether extract. This was attributed to a greater amount of 
calcium soap formation in cows fed the calcium supplements, these soaps 
not being measured because of their insolubility in di-ethy] ether. 

These data indicate the possibility of error in crude fat digestion deter- 
minations. R.K.W. 


128. Thiamine deficiency in the calf. B. C. Jounson, T. S. Hamiton, 
W. B. NEvENs, anp L. E. Bouey, Univ. of Ill., Urbana. J. Nutri- 
tion, 35, 2: 187-145. 1948. 


Thiamine deficiency in the young calf was demonstrated. This de- . 
ficiency was characterized by weakness, incoordination of legs, and con- 
vulsions. In addition, some calves exhibited scouring, anorexia and de- 
hydration. The symptoms responded to thiamine therapy except in cases 
of severe dehydration. R.K.W. 


129. How to make up an economical dairy ration. ANoNymous. U. S. 
Dept. of Agr., Bureau of Dairy Industry, Publication BDIM-Inf- 
57. 4pp. 1947. 


A procedure based upon 4 different qualities of roughage, 3 levels of 
digestible protein in the concentrates and the cost per ton of total diges- 
tible nutrients in the various concentrates is outlined, and examples of the 
‘necessary calculations are given. Four tables, including one giving a 
schedule of suggested concentrate feeding for cows producing at different 
levels, are given to provide data necessary for the calculations of the most 
suitable ingredients under different conditions. F.E.N. 


130. More milk from your forage crops. R. E. Hopason, U. 8. Dept. of 
Agr. Certified Milk, 22,7: 4,5. Nov., 1947. 


When alfalfa-Ladino clover forage was made into wilted grass silage, 
7.2% more dry matter and 26.4% more protein were obtained than when 
curing the crop as hay. The silage dry matter at the time it was fed later 
in the winter contained 10 times more carotene than did the hay. This 
difference in feed carotene showed up in the milk produced by the cows. 
The advantages of the wilting method for making grass silage over 

other methods are: low moisture content; freedom from obnoxious odors; 
highly palatable, so cows will consume more dry matter; little or no 
_ drainage from silo; less expensive and troublesome to make. Harvesting 
experiments showed no particular difference in the amount of labor and 
field machinery time required to harvest a ton of dry matter as silage or as 
hay. Under average conditions grass silage should not be considered a 
substitute for corn silage but rather as a substitute for part or all of the 
hay and feed as such, along with corn silage. W.S.M. 
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131. Some observations on beef cattle affected with generalized edema 
or anasarca due to vitamin A deficiency. L. L. MADSEN anp I. P. 
Earzz, Bureau of Animal Ind., Beltsville. J. Nutrition, 34, 6: 603— 
619. 1947. 


During the period of July, 1941, to Dec., 1946, 651 beef carcasses were 
condemned for generalized edema or anasarca by Federal meat inspectors. 
This condition was observed to occur in cattle after a long period in dry 
lot when the diet consisted of corn and a low-carotene roughage, such as 
oat hay or straw. 

Cases of anasarca were produced experimentally by feeding carotene- 
deficient rations. Alfalfa hay was effective in curing the condition in the 
field. Blood studies also showed similarity between experimental and field 


eases of anasarca; such condition apparently is due to vitamin A de- 
ficiency. R.K.W. 


132. Comparison of vitamin A liver storage following administration of 
vitamin A in oily and aqueous media. A. E. Sopet, M. SHERMAN, 
JACQUELINE LICHTBLAU, SELIG SNOw, AND B. KRAMER. Jewish Hos- 
pital of Brooklyn, N. Y. J. Nutrition, 35, 2: 225-238. 1948. 


Liver storage, in rats, of vitamin A from oily and aqueous media was 
studied. Vitamin A liver storage was greater when the vitamin A source 
was dispersed in water than when vitamin A was in the oily medium. 
These data indicate importance of considering the nature of diluent for 
biological evaluation of vitamin A. R.K.W. 


FOOD VALUE OF DAIRY PRODUCTS 


133. Nutritional studies on milk fat. III. The effect of the treatment 
on milk fat with certain solvents on the growth of young rats. 
E. L. Jack AaNp E. B. HinsHaw, Univ. of Calif., Davis. J. Nutri- 
tion, 34, 6: 715-724. 1947. 


Pentane (Skelly-solve A). contains an impurity which lowers the. 
growth-promoting properties of milk fat. Treating the pentane with 
fuming sulfuric acid removes this deleterious action. A —53° filtrate milk- 
fat fraction prepared with the prrified pentane produced greater growth 
in young rats than the original fat. Previously a —53° fraction milk fat, 
obtained by using unpurified pentane, gave slightly less growth than un- 
treated milk fat. R.K.W. 


ICE CREAM 


134. Control of raw materials and partly finished products in the ice . 
cream plant. A. H. Bayer, General Ice Cream Corp., Schenectady, 
N. Y. Ice Cream Trade J., 43, 12:44. Dee. 1947. 


ICE CREAM Adl 


The use of daily factory records is desirable and makes possible the 
control of profits affected by production. These records are current, and 
they point out inefficiencies in operation, possible theft, waste in labor and 
operation, and other conditions that could not otherwise be observed. 
Factory records account daily for materials and products used, for 
materials and products sold and for those remaining in inventory. Simple 
forms worked out by the production and accounting departments will make 
possible the collection of needed information in a neat, orderly and uniform 
manner. Standards for each operation, such as units of production per 
man hour in the mixing, freezing, packaging, novelty and other operations, 
may be set up. 

A list of the factory records which may be used includes: a daily re- 
port of mix made, a monthly mix report, a daily freezing report, a daily 
report of operations, a withdrawal slip for charging out products from the 
hardening room, a report showing products put into the hardening room, a 
hardening room inventory report, and a planning report showing ingredi- 
ents needed, finished product desired, hours and people needed for the 
job. 

Records properly kept will provide information on cost of products, 
proper selling prices, proper planning of production and efficient plant 
operation, point out possible theft, and aid in quality control. They are 
a necessary part of any manufacturer’s business. W.H.M. 


135. Evaluating the flavor of ice cream. D. V. JosEPHson, Dept. of 
Dairy Technol., Ohio State Univ., Colimbus. Ice Cream Trade J., 
43,12:48. Dee., 1947. 


Attempts were made to determine consumer preferences with respect 
to the sugar, butterfat and serum solids content of ice cream. Groups of 
students tested over a period of 3 yr. indicated that 75% consistently 
preferred ice cream containing 14 to 15% sugar, 60% preferred ice cream 
containing 12% fat, and the percentage preference increased for serum 
_ solids as the amount was increased from 8 to 13%. 

In the evaluation of flavor, three functions are used: (a) taste (gus- 
tatory response), which is the result of certain organs on the tongue; (b) 
touch (tactual response), which is the result of the stimulation of other 
organs on the tongue; and (c) smell (olfactory response), which comes 
from the chemical stimulation of the olfactory cells located at the base of 
the nasal cavities. People do not have the same degree of development or 
refinement in their taste functions. Other complications are involved, 
such as temperature of samples, size of sample, eating habits of the in- 
dividual, age and rate of recovery of taste mechanism between samples. 
In most judging work a panel of 3 to 5 judges is used. This system has 
certain weaknesses, such as time of judging, number of samples tasted, 
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presence of a dominant figure who sets standards for the group, and wide 
range of numerical points assigned to flavor scores on all factors, which 
cause results from the panel to vary from the results which might be ob- 
tained from an average consumer. 

Suggestions are offered for improving present methods of evaluating 
flavor of ice cream. The relative sensitivities to basic, abnormal and de- 
teriorative flavor qualities of each member of the panel should be de- 
termined. If numerical ratings are used, a maximum range of 5 or 6 
points should be employed. Each taste observer should have complete 
freedom in expressing his judgment. A standard and uniform terminol- 
ogy for describing the flavor and texture qualities of ice cream should be 
established. Judging sessions should be planned so that observers will 
have ample time, preferably before meals. Avoid disturbance or noise. 
Evaluate the product in terms of consumer preference, if known. Remove 
all identification marks from samples. The individual who sets up the 
samples and takes the data should not be a member of the panel. W.H.M. 


136. Utilizing the true lactic acid content to indicate ice cream quality. 
I. A. Goutp aNp F. A. Portur, Univ. of Maryland, College Park. 
Ice Cream Trade J., 43, 12:46. Dee., 1947. 


Some method other than the titration procedure is needed for the deter- 
mination of the actual lactic acid content of ice cream. In recent years 
the Hillig colorimetric method for the determination of lactic acid has 
been developed in the laboratories of the Pure Food, Drug, and Cosmetic 
Administration and has been used to indicate the quality in dry milk 
solids; the procedure has been accepted by the Association of Official Ag- 
ricultural Chemists. The Hillig method was applied to ice cream. 

The method used was essentially the A.O.A.C. method with modifi- 
cations. Of 10 samples of ice cream tested, 6 contained less than 13 mg. 
% of lactic acid. No relationship was found between the lactic acid con- 
tent and titratable acidity and pH of the mixes. The method was found 
to be accurate generally within 2 mg.%. Normal values were increased 
somewhat by addition of certain flavoring components but not sufficiently 
to invalidate the use of the lactic acid method as a quality test. W.H.M. 


137. The use of liquid sugar in ice cream. H. G. Dunuap, H. P. Hood and 
Sons, Inc., Providence, R. I. Ice Cream Trade J., 43, 12:54. Dec., 
1947. 

The Hood Co. has been using liquid sugar for 17 yr.; economy and 
quality problems were responsible for the practice. A saving of 30 cents 
per ewt. in purchase price and 15 cents net in handling costs has resulted. 
No trouble was experienced with fermentation ; however, it was found nec- 
essary to keep the Brix at 67° in order.to prevent crystallization. Sirup 
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is trucked as far as 100 miles and rail tank cars are used for shipping 240 
miles to a condensery. Storage is not much of a problem but requires 
planning on the estimated amount needed. Meters and an auxiliary 100- 
gallon tank are used to measure the sirup; however, the meters are not as 
satisfactory as the calibrated tank. W.H.M. 


138. The Bowman dairy program for building “dry stop” volume. H. A. 
QuitteR, Bowman Dairy Co., Chicago, Hl. Ice Cream Trade J., 
43,12: 42. Dee., 1947. 


A dry stop setup for improving the appearance of dealers’ stores and 
increasing profits has been developed. The setup consists of a 5-ft. tile 
board back bar, with a 4-ft. fluorescent light behind a canopy. In the 
center of the back bar is a permanent flavor board and on either side 2 
frames in which advertising may be displayed. Electric connections for 
mixers and hot cups are provided. This bar is hung on the wall about 
30 in. to the rear of the ice creain cabinet and a counter is fitted on top of 
the cabinet. A specially constructed sirup tray holding 4 2-qt. shallow 
pans is fitted into one of the openings of a wooden flip-lid cabinet. A 
dipper well also is connected to the cabinet. Through an arrangement with 
a paper cup compaiy, the ice cream dealer is furnished with a combination 
package consisting of 300 4-oz. cups for a 10 cent sundae, 300 8-oz. cups for 
a 20 cent sundae, 300 16-0z. malt cups, 300 banana split boats, and 2 metal 
mixing collars for mixing malts and milk shakes in the 16-oz. cups. 

The salesman is paid a bonus of 1.5 cents per gallon for every gallon 
each dealer increased over the previous year’s business and a penalty of 2 
cents for every gallon under the previous year’s business. 

In attracting people to ice cream stores, animated displays are to be 
preferred over the paper window displays. The fountain is placed in the 
brightest spot in the store and pictures of the various items sold are dis- 
played at the fountains. Trained, neat, courteous, and efficient help is 
employed. Cleanliness at the fountain, good quality toppings and uni- 

form servings help increase fountain business. W.H.M. 


MILK 


139. ‘Proper store differentials. R. C. Crabs, General Ice Cream Corp., 
Schenectady, N. Y. Milk Dealer, 37, 2: 42, 80-82. Dee., 1947. 


Based on experiences in 4 markets in upper New York State and in 
New England, the author points out that a grocery store owner today is 
realizing the same penny profit per quart of milk as he did years ago when 
milk sold for several cents a quart less. Many-grocers treat milk as a poor 
relation and do not realize that milk can pull more customers into their 
stores than any other item, with the possible exception of bread. Some un- 
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favorable factors involved in milk handling are: the low profit per unit 
of sale, the refrigeration required, the handling of empty bottles and the 
supplying of a bag. However, milk has the first or second highest turn- 
over of any item in the store. Being perishable, milk attracts customers 
to the store daily. Surveys show that 86% of people returning bottles make 
purchases averaging 66 cents. No money is tied up in inventory, as with 
eanned goods. No space is needed for storage of extra inventory either 
in the basement, back room, or in an outside rented warehouse. 

The milk dealer should aid the grocer to increase his milk sales by 
urging him to keep his milk displayed, preferably in a self-service case, 
and by using sales promotional material in his store. The dollar sales 
should be built up so that the per cent of profit will be of secondary im- 
portance. Through a process of continually talking in terms of dollars 
and cents rather than per cent of profit, the grocer’s apparent indifference 
to milk sales can be broken down. C.J.B. 


140. Fat variation in milk tests. T. M. Binney, Purdue Univ., Lafayette, 
Ind. Am. Milk Rev., 8, 8: 52-53. 1946. 

Factors which may be influential in causing variation in fat tests are: 
breed of cow, individuality of cows, feed, season, weather, stage of lactation, 
age, time interval between milkings, completeness of milking, health of the 
cows, exercise, management, environment, farm skimming practices, and 
conditions during transportation of the milk. During the month of May 
composite herd tests from one herd varied from 4.7 to 5.8%; daily varia- 
tions on composite samples ranged from 0 to 0.7% fat. In another herd, 
during the same month, fat tests from composite herd samples ranged from 
5.1 to 5.9% and daily variations ranged from 0 to 0.6% fat. P.S.L. 


141. Consideration on the keeping quality of pasteurized milk. L. H. 
BurGWALD AND D. V. JosEPHSON. Ohio State Univ. Am. Milk 


Rev., 8, 1: 26-47. 1946. 


Regular grades of pasteurized milk were found to stay sweet for 7 
to 28 days under conditions which might normally be imposed upon it by 
consumers. Milk was considered sweet until the acidity increased by 
0.03%. The average keeping quality under all conditions studied was 
greater than 12 days. The initial bacterial counts did not always indicate 
potential keeping quality of the milk. On the average, the low count milk 
had very slightly better keeping quality than the higher count milk. There 
was no appreciable increase in bacterial count for the first 4 days. After 
4 days, the psychrophilic bacteria increased rapidly and invariably num- 
bered over a hundred million at the time the milk soured. No davor 
change was noted in any of the samples before 4 days. The half pints 
held below 40° F. developed a flavor change at an average of 12.1 days. 
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The average vitamin C content was 10.5 mg. per 1. in the fresh milk 
which had not been unduly exposed to light or room temperature. The 
quarts exposed for 2 hr. at room temperature contained 8.5 mg. per |. after 
exposure. The vitamin C in 4 lots had been reduced from 7.4 to 0.6 mg. per 1. 
in 2 days even without exposure, probably due to iron or copper contamina- 
tion. The milk from the other 4 lots not exposed had an average of 13.7 mg. 
of vitamin C per 1. in fresh milk, 9.7 mg. at 2 days, and 6.4 mg. at 4 days. 
The riboflavin content of all lots of milk was practically the same, with an 
average of 1.57y per ml. Practically none was lost upon storage, the 
average being 1.55 y per ml. at the point of souring. P.S.L. 


142. A test for the milk plant as an added protection. A. V. Moore AND 
G. M. Trout. Am. Milk Rev., 8, 8: 22-24. 1946. 


Five series of homogenized and non-homogenized milk to which various 
increments of raw milk were added were observed for the development of 
rancidity, changes in titratable acidity and pH, and reaction to the phos- 
phatase test. At a storage temperature of 40° F., rancidity developed in 
samples of homogenized milk which were contaminated with raw milk, 
and the titratable acidity increased, along with a decrease in pH. De- 
tection of raw milk contamination was shown by the phosphatase test when 
0.5% of raw milk was present but was questionable when only 0.1% of 
raw milk was present. It was found necessary to have at least 4% of raw 
milk present to detect contamination in homogenized samples at the end of 
24 hr. upon the basis of rancidity as judged by taste and smell. Ex- 
traction of the phenol with butyl alcohol was found necessary in order to 
make the results of the phosphatase test accurate for homogenized milk. 

P.S.L. 


143. Technical considerations in leveling milk production. L. C. Cun- 
NINGHAM, Cornell Univ. Am. Milk Rev., 8, 9: 48-54. 1946. 


Factors in leveling fall milk production include consumer demand for 
milk, seasonality of milk prices received by farmers, and dairy farm 
organization and income. Seasonality of milk production is increasing in 
importance due to an increase in consumer demand for fluid milk. In 
New York state, the cost of producing milk is 30% lower in the summer 
and 25% higher in winter than the average cost for the year. 

To facilitate the study of seasonal patterns in milk production, dairy 
farms in each of 7 areas in New York were classified as even dairies, spring 
dairies, summer dairies, and winter dairies. Even dairies included those 
in which daily deliveries in the lower quarter were at least 70% of 
deliveries in the higher quarter. Spring dairies had their highest quarter 
in April—June, summer dairies in July—Sept., and winter dairies in Jan.— 
March. Farm records used were not all for the same period. Herds 
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tended to be larger in the even dairies, but generally there was little rela- 
tionship between seasonal production and herd size. 

Production per cow definitely was higher in the winter dairies than in 
spring dairies, the average difference ranging from 600 to 2,000 lb. per 
cow, depending on the area. Production in summer dairies was the lowest 
of all types. The labor force is used more efficiently in winter dairies. 
The output of milk per man in winter dairies exceeded that found in 
spring dairies in all areas; in 3 particular areas the amount was 0.5 can 
daily per man. The year-round cost of producing 100 Ib. of milk was 
lower in winter dairies than in spring dairies, the difference ranging from 
6 to 20% in various areas. The average difference in cost was 30 cents per 
ewt. 

Winter dairies were more profitable than spring dairies, the difference 
in income ranging from $300 to $1,200, depending upon total income. 
Differences between income from winter and ‘even dairies were insignifi- 
eant. Summer dairies were the least profitable. The relatively higher in- 
comes in winter and even dairies were due primarily to higher milk pro- 
duction per cow and per man and to a considerably lesser extent to higher 
milk prices in the fall. An increase in fall and winter milk production 


to meet consumer demand is in line with sound dairy farm management. 
PSL. 


¥44. Paper bottle. F. D. Paumer. (Assigned to F. D. Palmer, Inc.) U. 
S. Patent 2,435,155, Jan. 27, 1948. Official Gaz. U.S. Pat. Office, 

606, 4: 642. 1948. 
A rectangular-shaped paper container is described suitable for dis- 
tributing milk and other liquids. For dispensing the product in a sanitary 
manner, an opening and pouring spout arrangement is provided which is 


sealed at time of filling and which cannot again be resealed once it is opened. 
R.W. 


145. Refrigeration for the milk bottling plant. L. BueHuer, Jr., Cream- 
ery Package Manufacturing Co., Chicago, Ill. Milk Dealer, 37, 1: 
92-98. Nov., 1947. 

A refrigerating plant must be of sufficient size, reliable in operation, 
require a minimum of attention, and be simple enough that the operator 
need not be highly skilled. The advantages and disadvantages of the direct 
expansion system in which the refrigerant, such as ammonia, is used directly 
in the milk cooler, ice cream freezer or room cooling coils to extract the heat 
from the product and the chilled water system, with and without ice storage, 
are discussed. The choice would depend upon the peculiar requirements 
of any specific job. C.J.B. 
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SANITATION AND CLEANSING Abd7 


146. Sales, expenses, and profits of six leading milk companies in the 
New York-New Jersey Metropolitan Area. L. SpeNcer, Cornell 
Univ., Ithaca,N. Y. Milk Dealer, 37, 1:45, 46, 117-122. Nov., 1947. 


During the 6 yr., 1941-1946, 6 of the principal companies distributing 
milk in the New York—New Jersey Metropolitan Area sold $159 million worth 
of products yearly, their net profit amounting to 1 cent per dollar of sales. 
These companies had smaller profits per dollar of sales and per dollar in- 
vested by the owners than any of a number of representative groups of com- 
panies in different kinds of business throughout the country. Companies 
manufacturing drugs and soap averaged 8.4 cents per dollar of sales; 15 
dairy companies doing business in various parts of the country, including 
operations in ice cream, evaporated milk and cheese, earned 2.5 cents per 
dollar of sales in this 6-yr. period. 

The return on the owners’ investments in the 6 milk companies for the 
- period was 3.3%. This rate was lower than that for any of 17 important 
groups of companies whose financial statements are made public. During 
the period studied the dollar sales of the 6 milk companies increased 67% 
while the amount paid for milk and other products purchased went up 
87%. These gains were due mainly to the general advance in prices rather 
than to growth in physical volume of business. Product cost amounted to 
55% of sales in 1941 and 61% in the year ending June 30, 1947, while the 
gross spread between sales and product cost became 44% greater. 

A little more than 12 cents a quart is paid by the dealer for his milk 
supply at country receiving plants. Operating costs of all kinds on milk. 
delivered to the consumer’s doorstep come to nearly 10 cents; of this 
amount, more than 6 cents goes for delivery service. The dealer’s profit 
is perhaps as much as 0.5 cent a quart before taxes are paid. This-is equiv- 
alent to 1.5 cents per dollar sales. Of the 20 cents a quart paid by con- 
sumers for a quart bottle of standard milk at stores, 2 cents is retained by 
the storekeeper and 18 cents goes to the milk dealer. His operating costs 
total about 5.6 cents, including 2.4 cents for delivery service. Under pres- 
ent conditions his net profit after all taxes is no more than 0.2 cent a 
quart, or 1 cent per dollar of sales. C.J.B. 


SANITATION AND CLEANSING 


147. A comparison of the cleaning of square and round milk bottles 
under regular commercial conditions. T. V. ARMSTRONG AND L. 
H. Burewautp. Ohio State Univ. Am. Milk Rev., 8, 1: 34-37. 
1946. 


’ Washed bottles were obtained from 7 different makes of washers in 9 
different plants during the months from June through Sept., 1945. Some 
of the washers were able to accommodate the square bottle without any 
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change, while others had to undergo adjustments. The dirty bottles used 
were the regular run of bottles as returned to the plant or brought from an- 
other plant. The procedures used in making the counts were those outlined 
in the Eighth Edition of ‘‘Standard Methods for the Examination of Dairy 
Products’’. After plating, the bottles were examined under a daylight lamp 
and the presence of specks or streakiness was noted. The bottles then were 
filled with milk and again examined for specks and streaks. 

Counts in excess of 1,000 per bottle were obtained on 4.3% of the square 
quart bottles and 7.6% of the round bottles. Specks of dirt were found in 
1.1% of the square bottles and 5.3% of the round bottles. Of 15 different 
lots of one-half pint bottles, counts in excess of 250 per bottle were obtained 
on 9.6% of the square bottles and on 8.6% of the round ones. No visible 
dirt was observed in any of the square bottles of this size, while visible dirt 
was observed in 8.6% of the round ones. These studies and data show that 
there is no difference in the commercial practicability of cleansing and steril- 
izing the returnable square milk bottles and the conventional round bottle in 
typical dairy soaker equipment. P.S.L. 


MISCELLANEOUS 


148. Waste saving and disposal. O. W. SonBora anp H. J. STEFFEN, 
Chicago, Ill. Am. Butter Rev., 9, 7: 40-43. 1947. 


Dairy wastes can be reduced by drip savers on can washers, steaming 
eream cans, pre-rinse of milk cans, electronic liquid level controls on vats, 
accurate temperature control on plate coolers, standby power equipment, 
adequate storage tanks, prevention of leakage, prevention of foaming, saving 
of buttermilk for livestock feed, and provision of facilities for processing 
skim milk. Some waste from rinsings and wash water is unavoidable. 
When the amount of waste is small, a septic tank may be sufficient as a 
means of disposal. Another elementary treatment is accomplished through 
the use of an aerated equalizing tank. Trickling filters may be used to give 
more complete treatment when necessary. The filters are composed of a 
coarse medium, such as gravel or coke, and the sewage allowed to flow over 
this medium at such a rate as to allow free passage of air. P.S.L. 


149. The training of young men for the dairy industry. R. B. Srourz, 
Dept. of Dairy Technol., Ohio State Univ. Milk Dealer, 37, 2: 86— 
90. Dee., 1947. 


Thirty-five years ago the universities and colleges were not attempting 
to turn out dairy technologists or managers for dairy plants; they were | 
training buttermakers, ice cream makers, and other dairymen—who knew 
how to produce milk and manufacture it into dairy products. Today the 
attempt is to train executives whose foundation will rest upon chemistry, 
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mathematics, physies, bacteriology and accounting. The Ohio State cur- 
riculum today does not require students to take agricultural subjects such as 
entomology, farm crops, soils, horticulture and geology. Instead, they are 
required to take applied subjects, such as speech, marketing, advertising and 
salesmanship. 

The author also discusses the training of students after they have finished 
the university. An employer should take the men when they are available 
and not wait until he needs them. Too much should not be expected of the 
graduates, as they still are boys. The men should be contacted to demon- 
strate management knows they exist, given responsibility, encouraged to 
make progress, given a change of work, shown that management has con- 
fidence in them, and should be paid what they are worth. C.J.B. 
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A tour of Detroit's model Wesley Ice Cream Plant, with its 
immaculate pasteurizing and freezing room and modern 
laboratory, gives any visitor ample evidence of the fine 
quality ice cream produced there. Mojonnier Cold-Wall Tanks 
play a major part in producing that product quality. 


HOLDING AND COOLING IZE CREAM MIX 


Ice cream mix is commonly cooled to 32° F. Cooling can be 
completed during off-peak overnight period. Icy-cold mix 
keeps for long periods. Supplying 30-32° mix to the freezers 
reduces the refrigeration load and increases freezer output as 
much as 15%! Mojonnier Cold-Wall Tanks deliver this top- 
notch performance because (1) They are constructed with 
large areas of cold-wall surface in the side walls; (2) Direct 
Ammonia is used as the refrigerant, allowing temperature 
to be carried degrees colder than the freezing point of the 
product in the tank. This insures easy and rapid cooling to 
low temperatures. f 
These units are made in both horizontal and vertical models. 
Horizontal tank capacities from 500 to 10,000 gallons — 
Vertical tanks from 50 to 5,000 gallons. 
Mojonnier Horizontal Cold-Wall Tanks equipped with 


Sanitary Power Units, operating in model Wesley Ice  MOJONNIER BROS. CO. . 
Cream Plant, Detroit, Michigen. 4601 W. Ohio St. Chicago 44, Illinois 
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‘ 
Mojonnicer COLD-WALL TANKS 
MOJONNIER ENGINEERED DAIRY EQUIPMENT USED THE WORLD OVER 
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FLAV-0-LAC 
FLAKES 


THE CULTURE 


of definitely better 
flavor & aroma pro- 
ducing qualities. 


The standard with 
foremost operators, 
agricultural schools & 
colleges. 


FLAV-O-LAC FLAKES 


(shown) produce a 
quart of the finest 
starter on a single 
ro Single 
ott 


SPECIAL FLAV-O-LAC FLAKES “40” 


produce 40 quarts of starter on a single prop- 
agatien. Single bottles $3.00. Plus postage. 
Free Culture Manual ef Fermented Milk Prod- 
ucts on request. 
Pioneers in Spectro-chemical, Chemical and 
Be Determinations of Vitamins 
» Bi, Bs, Nicotinic Acid, Pantothenic Acid, Be, 
E in Dairy and Food Products (Vitami 
D eacluded) inquiries invited. 


THE 


DAIRY LABORATORIES 


DALABE 


| ASSOCIATES < 
28rd & Locust Sts., Phila. 3, Pa. ASSOCIATE 
BRANCHES 
New York Baltimore Ww. 


See our catalog in Dairy Industries Catalog 


RENNET and COLOR 


Strong, clean Rennet is important 
in the making and curing of 


cheese. Use Marschall Rennet 
generously for maximum results. 
MARSCHALL 


DAIRY LABORATORY, INC. 
MADISON 3, WISCONSIN 


In Thousands of Plants 
Throughout the Nation... 


B 
Cc E 


WRITE FOR FREE CIRCULAR! 


An illustrated folder which fully describes 
DIVERSOL is available upon request. 
‘Write for your copy today, 


THE DLVERSEY CORPORATION 
53 W. JACKSON BLVD., CHICAGO 4, ILL. 
In Canada: The Diversey Corporation (Canada) itd., Toronto, Ontario 


Your advertisement is being read in every State and in 25 Foreign Countries 


y 1s UP .- 
WET WT OUNTS ARE DOWN: 
Penetrates! 
We 
H 
Softens Water! 
ARS 4 Rinses Freely! 
ry 
~\RENNET 
| 
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DAIRY SCIENCE ABSTRACTS 


A Digest of Current Research 
On Milk and Milk Products 


THE COMMONWEALTH BUREAU OF DAIRY SCIENCE, SHINFIELD, READING, 

ENGLAND, searches the world’s scientific literature for publications giving new information 
4 about milk and milk products, and prepares abstracts which are published in the Bureau’s 
quarterly journal Dairy Science Abstracts. These abstracts are specially prepared for research 
workers, teachers and advisory and control officials. Further details of any publication ab- 
stracted can be obtained from the Bureau. 


This scientific abstracting service began with the literature of 1939 and continues to cover 
all accessible material. The field covered includes dairy husbandry, technology, economies, legal y 
control and standards, physiology and nutrition, bacteriology and mycology, chemistry and 
physics. Careful selection is made so that only new information of value and interest to the 
dairy scientist is included. 


Subscriptions. Price, thirty-five shillings per volume, post paid. Each volume contains 
four quarterly parts and author and subject indexes. New subscriptions are entered to begin 
with the first part of the current volume. Subscriptions are payable in advance and should be 
sent to Commonwealth Agricultural Bureaux, Central Sales Branch, Penglais, Aberystwyth, 
Wales. 


COMMONWEALTH BUREAU OF DAIRY SCIENCE, Shinfield, Reading, England 


Reg. U.S. Pat. Of. 


CRYSTALLINE 


’ 
VITAMINS BREEDER’S EQUIPMENT CO. 
Supplies for Artificial Insemination of Animals 
Essential as Standards and FLOURTOWN, PA. 
Supplements for Biological Research 
Alpha Carotene Ca Pantothenate ARTIFICIAL INSEMINATION 
Beta Carotene Inositol A contributes so 
-Methyl Naphth much to the i ustry is worthy of 
Carotene (90b— 10a) the recognition to other scientifie 
Vitamin A Niacin achievements in the same field. | 
bic Acid aE ‘ The technician in this work is a 
Niacin Amide true specialist special equip- 
Alpha Tocopherol p-Aminobenzoic ment, designed and manufactured for a 
Biotin Pyridoxine HCI 
The period of makeshift and improvised 
Choline Chloride Riboflavin 
Thiamin Chloride 
Our facilities are devoted exclusively to 
Conveniently Packed—E ically Priced the production of the most efficient instru- 
Write for Price List No. 677 ments for successful artjficial insemination. 
which is now available. 
69 LABORATORY PARK CHAGRIN FALLS, 


Your advertisement is being read in every State and in 25 Foreign Countries 
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You won’t find a sanitation program 
today that is much simpler than the B-K 
Plan...at such low cost. You will get 


results with it, if you follow the easy direc- — 


tions. But remember—no system can pro- 
duce these results without a certain amount 
of cleaning and good old fashioned 
elbow grease. 


The B-K Plan stresses, after use, first the 
rinsing of utensils and equipment in cold 
water and then the scrubbing in hot 
water containing soapless General Manual 
Kleanser. Before milking, rinse milking 
machines, and utensils, and wipe cow’s 
udder and teats with efficient, inexpensive 
B-K solution. These simple steps have 
helped many average-size farms get sur- 
prisingly low counts. 

B-K* Chlorine-Bearing Powder contains 
50% available chlorine. It speedily sani- 
tizes dairy utensils and reduces the number 
of bacteria that result in poor quality... 
thermodurics and others. General Manual 
Kleanser loosens milk solids and really cleans. 


Farm operating’costs remain high .. . and 
past experience shows that milk prices are 
sometimes reduced without a proportionate 
lowering of costs. Recommend the simple, 
economical B-K Plan and you will help both 
farmer and city milk supply. 

Literature explaining the role of bacteria 
in milk and their control is available for 
farmers. Programs of -education also on 
request. Send for wx writing to B-K 
Division, Pennsylvania Salt Manufacturing 
Company, 1000 Widener Building, Phila- 
delphia 7, Pa. 

*Reg. U. S. Pat. Of. 


[SALT/ 


Reg. U.S. 6B 


Creamy Smooth 


FULL BODIED 


ICE-CREAMS | 
Are Made with 


we BODY-GUARD..... 


The STABILIZER that 

Guards Your Quality 
WRITE 

for Folder No. 207 describing 

this Top Value in Stabilizers. Ask 

about our Special Trial Offer. 


GENERAL BIOCHEMICALS, INC. 


20 LABORATORY PARK ¢ CHAGRIN FALLS, OHIO 
A LITTLE BODY-GUARD GOES A LONG WAY 


Pat. Off. 


US (GBI Pat. Off. 
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‘"FRIGIDRY’ 


TRADE MARK 
Save Time—Save Mon- LYOPHILIZED* 
ey — Avoid Trouble. for 
Use rapid-growing UNIFORMITY 
‘Frigidry’ cultures to e 
produce mother cul- VIABILITY 
ture in one generation e 


and take guess work | 
out of making good STABILITY 


*Newh 


FRE E—wWrite for Booklet No. 206 on produc- 
tion of Cultured Dairy Products. 


GENERAL BIOCHEMICALS, Inc. 


20 LABORATORY PARK e CHAGRIN FALiS, OHIO 


Your advertisement is being read in every State and in 25 Foreign Countries 
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WRONG 


TO REMOVE 
MILKSTONE! 


Keep It Off 


Permanently 


WITH 


NU-KLEEN 


IN THE PLANT! 
ON THE FARM! 


Modern sanitation demands 
that milkstone be eliminated 
—not by removal—but by 
KEEPING IT OFF! Regular 
use of NU-KLEEN, the new 
synthetic, liquid detergent 
DOES THIS — QUICKLY! 
EFFICIENTLY! SAFELY! 
ECONOMICALLY! 


And for sure, effective sterili- 
zation after the NU-KLEEN 
treatment, use KLENZADE 
X-4 bactericide, another prod- 
uct of KLENZADE RE- 
SEARCH. Write for details 
today. 


Chemical specialists for the 
Dairy Industry. 


KLENZADE PRODUCTS 


INCORPORATED 
BELOIT, WISCONSIN 


CHEMICAL CLEANIN SPECIALISTS SERVING 


DISTRIBUTORS IN PRINCIPAL CITIES 
THROUGHOUT THE NATION 
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TELL US MORE 
Teacher! 


@ Maybe you're like a lot of food technologists 
and salt buyers who have gone along thinking 
all salt is the same. Actually, of course, various 
brands and grades and grains of salt differ in 
many respects. 


Take solubility: In fe cheese, slow solu- 
bility is highly important. Otherwise, salt is 
lost in the whey, producing flat, under-salted 
cheese. On the other hand, in salting butter, 
salt must dissolve with lightning speed. If the 
butterfat is on the soft side—lacking in body— 
at certain seasons, butter salt must dissolve so 
quickly that over-working is avoided. Other- 
wise, the butter may lose its desirable physical 
properties and become mottled or marbled— 
and may lose its moisture, become leaky. Yet, 
if the salt is not properly dissolved, the butter 
may be gritty. _ 


To meet these problems, we have set up defi- 
nite solubility standards for Diamond Crystal 
Salt. Our Butter Salt, for example, dissolves 
completely in water at 65° F. in less than 9.8 
seconds — average rate, 9.2 seconds. That is 
why so many quality-minded food processors 
have learned to depend on Diamond Crystal 
products, manufactured under strict quality- 
control standards for solubility rate. 


Want Free Information On Salt? Write Us! 
If salt solubility enters into your processing, 
write to our Technical Director. He will gladly 
recommend the correct Diamond Crystal Salt 
for best results. Diamond Crystal,.Dept. H-12, 
St. Clair, Michigan. 


DIAMOND CRYSTAL 
SALT. 
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Bien, by greatly lowering surface tension, de- 
creases solution dragout ... speeds cleaning 
action . . . boosts the efficiency of your alkali 
solution. Bottles cleaned with this time-tested 
wetting agent and synthetic detergent come out 
amazingly clear and sparkling. Re-runs are 
greatly reduced, particularly on chocolate drink 
bottles. An Orvus solution quickly wets 

through and loosens hard-to-remove chocolate R E D U C ES 
deposits. 


Tan lose none of the cleaning efficiency of B OTT LE 
Orvus in hard water. It assures thorough emul- 
sification . . . fast rinsing . . . better run-off 


. .- dryer bottles. Orvus is easy to use. Eco- 
nomical, too—a little goes a long way in your = 
soaker tanks. 


* 
For further particulars about Oreus, write 


PROCTER & GAMBLE. 1, OHIC 


Gaulin Homogenizers Cut Costs 
They’re Ruggedly Built! 


THE Gaulin Homogenizer saves you money be- 
cause it is ruggedly constructed for long life. 
The extra years of efficient operation that the 

- Gaulin gives you mean an additional profit for 
you. 


Rugged construction is equally important in as- 
suring efficient day-to-day performance in your 
plant. The Gaulin functions more smoothly, re- 
quires less service, and cuts your upkeep costs to 
the minimum because it is 
soundly engineered and 
solidly built from the finest materials. 


Investigate the money-saving features of the long life, rug- 
gedly built Gaulin Homogenizer. It cuts your operating 
costs and enables you to produce highest quality homogenized 
products. Write for catalog and full information, without 
any obligation. 


ANTON-GAULIN MFG. CO. 
< LE > 44 Garden Street © Everett 49, Mass. 


ld HOMOGENIZERS HIGH PRESSURE PUMPS~ Gaulin Homogenizers 
can save you money 
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BACK COPIES 
of 


Journal May Be : 


The Association has available back copies of the Journal of 
Dairy Science. If you need back copies, please write and 
inquire as to whether the particular one that you need is 
available. In some cases we have only a few volumes and 
we do not sell them unless the complete set of volumes is 
purchased. In many cases we have six or eight volumes 
complete with 50 or 100 copies available of certain numbers ¢ 
such as the November or December issue. a 


The cost of the first sixteen volumes if available is $5.00 
each. The cost of Volumes 17 to the last year is $6.00 
each. Individual numbers when available are $1.00 each. 


If you are interested in procuring back copies please write 
to the Sec’y-Treas., American Dairy Science Assn., c/o Ohio © 
State University, Columbus 10, Ohio. Make all checks 


_ payable to the 


AMERICAN DAIRY SCIENCE ASSOCIATION 
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WIZARD Coil Pasteurizer 
wtth Hew SANITARY SEAL 


[Since the first coil pasteurizer left the CP Fort 
(Atkinson factory in 1904, owners and operators 
‘of dairy products plants have shown their 
lpreterence for this well-built machine of 


y uses. 


Now, with the added advantages of CP’s 


Sanitary Seal, the Wizard is moving forward 
to a new high in popularity. 


The CP Sanitary Seal assembly rotates with 
the coil shaft, The metal seal ring is in running 
contact with the wall of the tank, thus forming 
an effective liquid seal which is completely 
sanitary. Split compression ring, made of a 
flexible plastic material, is odorless and 
fat resistant. 

' Write nearest CP Branch for full details. 


E CREAMERY PACKAGE MFG. COMPANY 7 
General and Export Offices: 1243 W. Washington Blvd., Chicago 7. Uhinors 


Branches in 21 Princ: pal-Cities 
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Culture Media for Examination of 
MILK and DAIRY PRODUCTS 


for Plate Counts 


Bacto-TRYPTONE GLUcosE Extract AGar is recommended for routine 
plate counts of bacteria in milk. This medium conforms to all 
requirements of ‘‘Standard Methods for the Examination of 
Dairy Products’’ of the American Public Health Association, 
except that it does not contain skim milk. 

Bacto-PRoTE0se TRYPTONE AGAR is recommended for of 
the total bacterial plate count of certified milk. This medium 
is prepared according to the specifications of ‘‘Methods and 
Standards for Certified Milk’’ of the American Association of 
Medical Milk Commissions. 


for Detection of Coliform Bacteria 

Bacto-Vioter Rep Bizz Aaar is widely used for direct plate counts of 
coliform bacteria. Upon plates of this medium accurate counts 
of these organisms are readily obtained. 

Bacto BRILLIANT GREEN Bitz 2% and 

Baoto-ForMate RIctNoLEATE BrorH are very useful liquid media for 
detection of coliform bacteria in milk. Use of these media is 
approved in ‘‘Standard Methods.’’ 


for Detection of Molds 

-Baoro-Potato Dextrose AGar is an excellent medium for detection 
and enumeration of molds and yeasts in butter and other dairy 
products. The formula of this medium corresponds exactly with 
that specified in ‘‘Standard Methods.’’ 

Baoto-Mautr Aaar is also widely used for determinations of the mold 
and yeast count of dairy products and for control of the sanitary 
conditions of manufacture. 


for Culivation of Lactobacilli 
Bacto-Tomato Juice Acar and 
Bacto-Trypsin Dicest support luxuriant and characteristic 
of Lactobacillus acidophilus, and are well adapted for use 
establishing the number of viable organisms in acidophilus 
products. These media are also widely used for estimation of 
the degree of implantation by L. acidophilus. 


Specity “DIFCO” 


THE TRADE NAME OF THE PIONEERS 
In the Research and Development of Bacto-Peptone and Dehydrated Culture Media. 


Dirco LABORATORIES 


DETROIT 1, MICHIGAN 
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